Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



James Stur:Ti3 Pray. 
Cambridge, Mass. 



A TREATISE 



OV 



WATERWOE.KS 



lt>B THE 



8UPPLT OF CITIBS AND TOWNS. 



/ZC^"^ 



A TREATI8I! ON 



WATERWORKS 

Jfox \lt Sbupplg of (EiiU% anb tlTotons 



WITH 

A DESCBIFTIONOFTHE FKIKGIPAL GEOLOGICAL FOBMATIOKS OF 
ENGLAND AS IKFLUENCIKG SUPPLIES OF WATER 



BY 



SAMUEL HUGHES, F.G.S. 



cnriL BxomsB 



NEW EDITION, EE VISED AND CONBIDBBABLT ENLASOED 




(sr\h 



LONDON 

CROSBY LOOKWOOD AND CO. 

7, STATIONEES' HALL COUET, LUDQATB HILL 

1882 



r 



<4. ' ■ / I".". ■... ... ,iJ;- 



James Sturijis Pray, 
Cambridge, Mass. 



A TREATISE 



OK 



WATERWORKS 



lt>R THE 



8UPPLT OF GITIBS AND TOWNS. 



r.^ 



PREFACE TO THE SECOND EDITION. 



The revised and considerably enlarged edition of this work 
bears a posthnmons character, and I am certain that, inde- 
pendently of the recognised value of this volume, the cir- 
cumstance that its revision was one of the author's last acts^ 
will lend to it an additional and special interest. 

I can bear testimony that the revision of these pages was 
completed within a few days of the fatal illness which 
closed a singularly active and useful life. Mr. Hughes's 
professional career had been unusually extended ; it may be 
considered to have commenced at a time when railway enter- 
prise was being carried on with much spirit, and he was 
associated with some of the most distinguished engineers of 
the period in the projection of the principal schemes which 
have since developed our present admirable network of 
railways. 

At a later period, and quite in another channel, the zealous 
efforts of Mr. Hughes to uphold the rights of public bodies 
in the promotion of economic and sanitary measures attracted 
a deal of attention. His views respecting large private 
undertakings, water companies, gas companies, &c., which 
he was of opinion should be vested under municipal control, 
and conducted solely for public advantage, aroused a powerful 
feeling of antagonism in many quarters ; but there is little 
donbt that a few years will see this system developed to 
an extent that will do justice to his convictions. 



Z PREFACE TO THB SECOND EDITION. 

It has been observed that he was often identified with 
extreme measures. This was to a certain extent true, because 
he initiated them ; but, in reference to a subject to which 
he especially devoted much attention — ^the supply of gas 
— it is only just to record that the soundness of his views 
has been vindicated by the fact that most of his early sugges- 
tions have been gradually carried out, even in the face of 
considerable opposition. 

The inhabitants of this metropolis are not likely to forget 
that in 1860, upon the occasion of the passing of the 
Metropolis Gas Act, Mr. Hughes, associated with Mr. James 
Beal, a gentleman whose assiduous devotion to public inte- 
rests is so well known and appreciated, were the pioneers of 
a movement which secured the subsequent development for the 
public benefit of all the late improvements introduced in the 
supply of gas. 

AKTHUR SILYERTHORNE, O.E. 

1, Wbstminstbr Chambers, Lokdon, 
SeptembfTy 1872. 
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ON THE VARIOUS MODES ADOPTED FOR 
COLLECTING SUPPLIES OF WATER. 



Thb sources from which water is commonly procured have, in 
reality, only one origin — ^namely, the supply given by nature in 
the form of rain and snow faUing from the clouds. The water 
thus bestowed may be seized by man in various forms. It may 
be taken in k comparatively pure, distilled state, as it falls in the 
shape of condensed vapour from the clouds, free from admix- 
ture with any elarthy salts, or infasion of any other ingredients 
except those which it meets with in passing through the air. 
It may be collected from drainage areas, where the quantity of 
rain happens to be greater than that which evaporates and 
sinks into the earth; again, it may be takeix from rivers, 
streams, or lakes, which are themselves supplied chiefly from 
drainage areas: or, lastly, it may be taken from- wells or springs, 
where the water has accumulated after passing through strata 
and rocks of various kinds, and become much changed from its 
original state of purity by the absorption of gases and by holding 
in solution earthy salts and other bodies which it has met with 
in its subterranean passage. 

With respect to the first or primitive state of watei, how- 
ever well adapted this may be from its quality of softness, for 
certain commercial and culinary purposes, it is confessedly not 
palatable for drinking. It fails entirely in that agreeable ta^te 
.'mparted to spring water by the gases, and even by the mineral 
matters held in solution. At the same tin^e pare rain water in 
8o valuable for many purposes, and would anower so well for 
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2 ON THE VARIOUS MODES ADOPTED 

many others where quality is of no consequence at all, that the 
inquirer may at first sight ask with some surprise, how it is 
that means are not taken to collect the rain water as it falls 
from the clouds instead of extracting it often by a difficult and 
expensive process from the bosom of the earth. Let us ex- 
amine this question a little more in detail. It is evident, until 
mankind had made considerable progress in the arts, there were 
no roofs of houses or other buildings from which rain water 
could be collected, and therefore if any attempt were made 
to procure it otherwise than by embanking across valleys, and 
collecting a certain portion of the rainfall, as practised at the 
present day, it must be done by making an artificial impervious 
surface, from which the water, falling in the shape of rain could 
flow into cisterns placed to receive it. Let us suppose an 

acre of surface so consimeted : the expense of this at the 
present day would probably not be less than one shilling per 
square yard, or £242 an acre, independently of the value of 
the land. Now the interest of this sum alone, at 5 per cent., 
would be more than the value of the water which could be 
collected on an acre of surface, assuming an available rainfall 
of 30 inches, which is probably as much as could be obtained 
in dry years on the average of England, after deducting such 
evaporation as would be unavoidable in spite of all precautions. 
The whole quantity of water which could be collected on an 
acre of ground, from an available rainfall of 30 inches per 
annum, is under 681,000 gallons, which, at sixpence per thou- 
sand gallons (a price at which water can not only be collected, 
but conveyed and distributed in towns, even where pumping 
to a high level is necessary), would amount to little more than 
£17, or about the interest of the money to be laid out in con- 
structing the gathering ground and purchasing the land alone. 
So much for the collection of perfectly pure rain water by 
an artificial surface. But it may be said, we possess in the 
roofs of houses already built in every town, the means of col- 
lecting rain water of tolerable purity, except when the atmo- 
sphere is polluted by smoke, as in the metropolis. We shall 
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find, on examination, that the quantity which could be s> 
collected is wholly inadequate for the wants of i^y given popu- 
lation. Let us assume that the roof-surface of any town or 
laige group of houses is equal to 60 square feet for each indi- 
vidual, an assumption which is probably much in excess of the 
real fact, then the annual quantity of water which would be 
collected on this surface on the same supposition as before, 
with req>ect to available rainfedl, would be 935 gallons, or less 
than 3 gallons a day for each individual. Now the common 
allowance for towns in England, including every kind of use, 
both domestic and public, is not less than 20 gallons per head 
per day, so that the rainfall alone will only give one-seventh of 
the quantity actually required ; or, in other words, in order to 
obtain the required quantity we must assume an annual rainfall 
of 140 inches, which is scarcely yielded in any part of tlie 
world. 

Professor Leslie calculates, in his Elements of Natural Phi- 
losophy, that the roof of a lofty house in Paris, containing on 
an average 25 persons, might deliver annually 1800 cubic feet 
of rain water, which would furnish to each individual daily the 
fifth part of a cubic foot, or rather more than one gallon. 

We find, however, notwithstanding the inadequacy of the 
quantity, that Venice and many other continental cities have 
been for many years supplied with rain water, both from public 
and private reservoirs, which are commonly constructed under- 
ground, for the purpose of receiving the water from the roofs. 
Matthews, in his Hydraulia, describes one of these public reser- 
voirs, which is situate under the court of the ducal palace at 
Venice. Here the underground cistern is provided with a 
sand filter, through which the water passes, and flows into a 
covered well in a clear and transparent state. 

In Bpeaking of a surface to collect rain-water from which 
surface it is to flow into a reservoir, it may be necessary to 
notice, in passing, that a reservoir is absolutely necessary, in 
order to prevent the loss of all the water by evaporation. For 
instaneOi if a man were to make for himself a tub or cistern 
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4 ANCIENT MODK8 OF OBTAINING 

large enough in surface to catch all the rain-water he reqoired 
for his own use, calculating its area simply from the known 
rainfall, he would find that evaporation would carry off all the 
water as fast as it falls, and a great deal faster. From the 
very accurate observations made at the Highfield House Ob- 
servatory, near Nottingham, during the last year, we learn that, 
whilst the whole rainfall was only 17.3 mches, the evaporation 
was equal to 41 inches, or more than double the amount of 
rainfall. As, however, the evaporation is in direct proportion 
to the area of the surface exposed, it follows that the rainfall of 
a very large drainage area may be collected in a small and deep 
reservoir with a comparatively small loss from evaporation. 

There being such obstacles in the way of collecting pure 
rain-water, we find that mankind in the very earliest ages have 
turned their attention to the stores or reservoirs which nature 
has provided in the shape of springs, rivers, streams, and 
lakes. 

ANCIENT MODES OF OBTAINING WATER FROM WELLS. 

We shall not attempt to follow Mr. Ewbank in his minute 
details of the earliest processes adopted by mankind for pro- 
curing water, by first kneeling down at the side of a river and 
drinking from the surface, after the manner of the inferior ani- 
mals, and then gradually advancing to use the hoUo^ of the 
hand, and the concave cases or coverings of fruits for the pur- 
pose of lifting and containing the water. All this may be 
interesting in an antiquarian point of view, but is not within 
the scope of our present more limited inquiry. The first vrork: 
of primitive nations which interest us, and require attention, 
are the ancient wells, the remains of which are scattered over 
all the first inhabited countries, and the origin of which pro- 
bably goes back as far as the world before the flood. The 
earliest wells were probably mere drainage pits, dug in moisi 
spots of ground to allow of the infiltration of the surrounding 
water. Such are the small square wells, dug or scooped out of 
the earth, and discovered by travellers at the present day \a 
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parts of Africa, New Holland, and other oncivilifled countries. 
Many of them are so shallow that they are emptied every day, 
and only suppUed by the water which trickles into them daring 
the night. 

Mr. Ewbank is of opinion, that amongst the first people in 
the world these wells were superseded soon after the seventh 
generation from Adam, about which time the discovery of 
metals took place, and consequently the power of digging and 
penetrating through rocks. In &ct, in the very earliest records 
which have been handed down to us from the most remote an* 
tiquity, as for instance in the writing^ of Moses, we have 
mention made of wells ; and modem travellers have not hesi- 
tated to point out the sites of some of the most ancient wells as 
discoverable at the present day. Many of these wells, whose 
origin dates from the very earliest period, have passed through 
both rock and quicksand, and therefore exhibit a knowledge of 
workmanship and mode of dealing with mechanical dilficulties 
which has not always been associated with such remote anti- 
quity. Mr. Ewbank in fact asserts, that to the constructors of 
ancient wells in the East we are indebted for the only known 
mode at present adopted of sinking deep wells through quick- 
sands by the emplo3rment of a curb, which settles and sinks 
down as the excavation proceeds. 

Among the most ancient wells in the world are those which 
bear the name of the Patriarch Jacob and his son Joseph ; the 
former situate near Sychar (the Shechem of the Scriptures) 
and the latter near Cairo in Eg3rpt. Jacob's Well has been 
visited by pilgrims in all ages, and has been minutely described 
by Dr. Clarke, in his Travels. It is 9 feet in diameter and 
105 feet deep, made entirely through rock ; and when visited 
by Maandrell it contained 15 feet of water. 

Joseph's Well at Cairo is 297 feet in depth, and is altogether 
a much more elaborate work than the other, and indeed more 
%o than most modem wells. The mode of raising the water 
was by means of an endless rope, carrying earthern pots or 
buckets, and working over a wheel at top and bottom, similar 
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io the buckets of the modern dredging engine, only that the 
chain of pots moved vertically, instead of working in a sloping 
direction. 

The endless rope carrying the pots was put in motion by 
oxen walking round in a circle ; and as the depth of the well 
(nearly 300 feet) was too great to be worked in one lift, it was 
divided into two separate shafts by a compartment large enoagh 
for the oxen to work in, at a depth of 165 feet below the 
surface of the ground. Herein arises the great peculiarity of 
this well ; the upper shaft having a section of 24 feet by 18, 
with a spiral passage winding round it from top to bottom, of 
sufficient dimensions to allow the oxen to pass from the sur- 
face to the working chamber at the lower extremity of the 
upper shaft. The spiral passage is 6 feet 4 inches wide and 7 
feet 2 inches high, and is made with so gradual an inclination 
that persons ride up and down upon asses or mules. The lower 
shaft goes from the bottom of this chamber to a further depth 
of 132 feet. This lower shaft is not in the same line as the 
upper one, but a little on one side, and is smaller in dimen- 
sions, being 15 feet by 9. The oxen working in the chamber 
between the two shafts raised the water into a reservoir im- 
mediately at the bottom of the upper shaft, through which it 
was again raised to the surface by another chain of pots, worked 
by oxen at the top of the well. 

The extraordinary skill displayed in the construction of this 
well has excited the admiration of all travellers who have 
visited it. The spiral passage surrounding the upper shaft is 
executed with the utmost precision, a very thin portion of the 
rock (only about 6 inches) being left between the passage and 
the cavity of the well. Semicircular openings, or loopholes, 
are formed at intervals, by which the spiral passage is dimly 
lighted from the interior. Many curious conjectures have 
been hazarded as to this remarkable well and its peculiar ob- 
long form. This latter has been attributed, with some show 
of reason, to the necessity for lighting the interior, and to the 
fact that this form would admit the light of the sun during 
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more hours of the day than a square or circular section. Con- 
flicting opinions are also entertained as to the date of the well. 
The common people of Egypt ascribe it to the patriarch 
Joseph. Many antiquarians, however, are inclined to imagine 
the well to be of much more recent date ; some ascribing it to 
the famous Saladin of the Crusades, whose real name was 
Yussef (or Joseph) ; while others believe it was made by a 
vizier named Joseph about 800 years ago. 

The celebrated well of Memzem at Mecca dates, according 
to popular tradition, from a higher antiquity even than Jacobus 
Well, being in fact venerated as the well from which Hagar 
nourished the ancestor of the Arabian people ; the construction 
of the well itself being attributed to Abraham and Isaac. 

The oasis of Thebes contains Artesian wells, which have 
been noticed by Arago. The practice of the ancient inhabit- 
ants was to dig square wells 60 to 80 yards in depth, through 
the superficial vegetable soil, clay, and marl, down to the lime- 
stone rocks, in which borings 4 to 8 inches in diameter were 
then made. These holes were fitted with a block of sandstone, 
which was furnished with an iron ring, and was used to stop 
the supply when necessaiy. 

OTHER ANCIENT MODES OF OOLLECTINO WATER. 

Although the very earliest people appear to have procured 
water chiefly from wells of various kinds, and sometimes from 
reservoirs and cisterns formed at spring heads to collect the 
water, it is evident that in process of time these means would be- 
come inadequate, and the wants of increasing populations con- 
centrated in towns would require other modes of supply. Hence 
we find that aqueducts were used for conveying water into 
towns from a very remote period of history. 

It is probable that the great canals and lakes of which traces 
still exist in Egypt were used as reservoirs for storing the 
waters of the Nile in times of flood, in order that they might 
be used for irrigating the land during dry seasons. The great 
aqueducts, reservoirs, and other hydraulic works of ancient 
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Eg3rpt are perhaps not less wonderfal, and certainly were far 
more osefiil, than their p3rramid8 and colossal sculptures, 
Savary, in his ** Lettres sur VEgypte*' describes some works 
of extraordinary magnitude for raising water into high reser- 
voirs near Cairo, and observes that in other parts of the coun- 
try the E^gyptians conveyed the water to the tops of hills, 
where immense cisterns were hewn in the rocks to receive it, 
and whence it afterwards flowed among deserts, which this 
great people transformed into fertile fields. 

Many parts of Syria contain the remains of aqueducts which 
are undoubtedly of great antiquity. Those in the neighbour- 
hood of Tyre and of Jerusalem are attributed to Solomon, who 
lived 1000 years before the Christian era. The ancient aque- 
ducts of Antioch and Hamah have also been noticed by many 
modem travellers. 

The earliest account of any aqueduct for conveying water is 
probably that which is given by Herodotus (who was boni 
B.C. 484 years). He describes the mode in which an ancient 
aqueduct was made by Eupalinus, an architect of Megara, to 
supply the city of Samoa with water. In the course of the 
aqueduct a tunnel, nearly a mile in length, was pierced through 
a hill, and a channel 3 feet wide made to convey the water. 

The first aqueduct of ancient Rome was that constructed 
B.C. 331 years, by the censor Appius Claudius, after whom it 
was named the Appia Claudia. Before the construction of 
this work, which brought in the water from a distance of about 
1 1 miles, the inhabitants derived their supply from the Tiber, 
and from wells and springs in the immediate vicinity of the 
city. 

About 100 years later the celebrated aqueduct, called the Aqua 
Martia, was commenced by Quintus Martins. This began at a 
spring 33 miles from Rome, the length of the aqueduct itself 
being upwards of 38 miles, or about equal to that of the New 
River. The works, however, are of a much more gigantic 
character, there being \ series of nearly 7000 arches, some of 
them 70 to 1 00 feet in height. Many aqueducts were con- 
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itnicted daring the leign of the Emperors, as the Aqaa Vir- 
ginia, m the reign of AugustuSy the aqueduct for conveying 
the Anio in the reign of Nero, and the Aqaa Claudia in 
the reign of Caligula. This last work commenced at the 
distance of 38 miles from Rome, and was formed under 
ground for 36^ miles, aboat 3 miles of which consisted of 
tunnelling. The supply of water to ancient Rome was com- 
puted by Professor Leslie, on the authority ^f Sextus Julius 
Frontinus, who was inspector of the aqueducts under the Em- 
peror Nerva, and who has left a valuable treatise on the 
subject, at 50 million cubic feet per day for a population of one 
million souls. This gives the immense average per head of 50 
cubic feet, or 312 gallons, a consumption quite unequalled in 
modem times, except in the city of New York, where it is said 
to have amounted nearly to this quantity. 

The Roman aqueducts were mostly built of brickwork, and 
consisted of nearly square piers carried up to a uniform level, 
allowing for the fall of the water, and connected by semi- 
circular arches, on which the conduit for carrying the water 
was placed. The conduit had a paved or tiled floor, side walls 
of brick or stone, and a roof formed by an arch turned across 
it, or by a flat coping of stone. Various opinions have been 
hazarded by modem writers to account for the peculiar practice 
adopted by the Romans of conveying their water by means of 
a uniform channel through hills and over valleys, instead of 
adopting the modem system of following the undulations of 
the country by passing over hills and descending to the bottoms 
of valleys. A writer in Lardner's Cyclopoedia thus expresses 
himself: "Ignorance of the principle by which liquids return to 
their level is shown in the construction of aqueducts by the 
ancients, for supplying water to towns." This supposition is 
grossly inconsistent with the skill and acquaintance with the 
laws of nature displayed by the Romans and other great nations 
oi antiquity, as exhibited in the very aqueducts which this 
writer condemns. Professor Leslie says nothing can be worse 
founded than the opinion that the Romans were unacquainted 

B 5 
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with the laws of hydrostatics, and, therefore, with the method 
of conducting and raising water through a train of pipes. 
'* The ancient writers," he observes, " who either treat of the 
subject or incidentally mention it, are clear and explicit in their 
remarks, while many vestiges of art still attest the accuracy of 
these statements. Pliny, the natural historian, lays down the 
main principle that ' water will invariably rise to the height ot 
its source/ He subjoins that leaden pipes must be employed 
to carry water up to an eminence." Palladius, Vitruvius, and 
other Roman writers describe the method of conveying water 
in leaden and earthenware pipes. 

Some of the Roman aqueducts were uncovered or open 
channels, and of course had to be formed with a uniform in- 
clination, or the water would not have flowed through them at 
all. In other cases, where the aqueduct was covered^ it was a 
question of expense between making the conduit sufficiently 
strong and watertight to resist the great pressure of water to 
which it would have been subjected in the valleys, or, on the 
other hand, raising it a sufficient height to make the flow uni- 
form and reduce the pressure to a minimum. It was not, in fact, 
till the introduction of cast-iron pipes, strong enough to with- 
stand the pressure of a column of water equal to several hun- 
dred feet of vertical height, that the modems were able to adopt 
the mode of crossing hills and valleys by following the nndula' 
tions of the ground. In the construction of the New Biver aque* 
duct,only 260 years ago, no other principle was thought of than 
that of a uniform channel for the water; the only difference be- 
tween this and the Roman aqueducts being its excessively timid 
character ; for, instead of boldly passing through hills and over 
valleys, it winds around the former and creeps up the latter in 
order to diminish every artificial work to its least possible 
aimensions. Yet who ever thinks of decrying the New River, 
or treating contemptuously the skill displayed by its con- 
structors ? Considering the period of its execution, it was- as 
great a work as any which distinguishes our own times. 

Some of the Roman aqueducts were remarkable for being 
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built in tiers or arcades one above another, and several of those 
which supplied the imperial city brought in the water of 
separate streams at different levels one over the other. 

Nor did the genius and enterprise of the Roman people rest 
content with the embellishment and improvement of their own 
immediate territory by means of these magnificent works of 
art. Throughout all the continents of the old world, wherever 
the Roman ea^es have penetrated for conquest and civilisation, 
there we find the remains of their gigantic aqueducts. Not 
only Italy and Sicily, but the more distant lands of Greece, 
France, and Spain, contain abundant traces of these great 
works. 

Both the Moors and the Romans have left remains of many 
magnificent hydraulic works in Spain. An embankment 66 
feet wide and 150 feet high, stretches across a gorge on the road 
from Alicante to Xativa, and dams up the mountain torrents 
into an immense reservoir. 

The Roman aqueducts of Segovia and Seville still supply 
those Spanish towns with water ; while the noble aqueducts of 
Nismes, Metz, and Lyons, in the south of France, are im- 
perishable monuments of Roman renown during their posses- 
sion of ancient Gaul. The Pont du Gard, that wonderful 
structure consisting of three tiers of arcades placed one over 
the other to the height of 150 feet above the valley, still ex- 
hibits the sectional area of the Nismes aqueduct. M. Genieys, 
formerly engineer-in-chief to the municipality of Paris, cal- 
culates the quantity of water supplied by this aqueduct at 
nearly 14 million gallons per day. 

The ancient works executed under the later Roman emperors 
for the supply of Constantinople, combine the system of aque- 
ducts with the coUection and impounding of water by means of 
reservoirs at the head of the aqueduct The impounding re- 
servoirs are situate about 12 miles from the city on the slopes 
of a range of mountains, wliich form the south-eastern pro- 
longation of the great Balkan chain. There are four principal 
aqueducts, one of which conveys the water collected by three 



12 ANCIENT MODES OF OBTAINING WATER. 

•eparate reseryoirs, while the other three are each supplied b^ 
its own reservoir. Besides these extensive provisions for 
securing water to the city there are immense suhterranean re- 
servoirs, one of which, now in rains, is called the Palace of the 
Thousand and One Pillars, not because this is the precise num- 
ber supporting the roof, but because the number is a favoarite 
one in the expression of eastern hyberbole. This great sub- 
terranean cistern is supposed to have been made by the Greek 
emperors for the purpose of storing water in case of^ siege 
or similar calamity. Although originally of great depth, it is 
now nearly filled up with earth and rubbish. It is singular 
that in the nineteenth century we are reviving in our covered 
reservoirs, for the purpose of storing water in a state of fresh- 
ness and uniform temperature, the practices which were fol- 
lowed nearly 2000 years ago by nations whose modem de- 
scendants are half barbarians. 

The works of the ancient Peruvians, constructed for the pur- 
pose of irrigating vast rainless districts of country, are not in- 
ferior to those which have been executed by other nations. 
The necessity for water in South America will be well under- 
stood when we reflect that along the coast there are districts 
of 2000 miles in extent in which no rain ever falls. Some 
very interesting notices of the ancient aqueducts and wells of 
Peru are contained in Garcillasso's Royal Commentaries of 
Peru, which were translated into English by Sir Paul Ricaut 
and published in London, 1 688. 

He relates that the ancient Incas devoted much of their 
paternal care and attention to the improvement of the country, 
and amongst other great works constructed numerous aque- 
ducts for conveying water from the hills to fertilise the other- 
wise dry and desert parts of the country. Instances are 
related of insignificant streams being conveyed a distance of 60 
miles for the purpose of irrigating a few acres of land. 

One of the Incas made an aqueduct 120 leagues in length, 
to convey the water of certain springs, which rose near the sum- 
mit of a high mountain between Parcu and Picuy. The aque- 
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duct was 12 feet in depth, and watered a tract of country more 
than 50 miles in breadth. Another great PeruTian aqueduct, 
150 leagues in length, traverses the whole extent of one large 
province, and irrigates a vast extent of dry and arid pasture land. 
The Peruvians do not appear to have practised the method of 
traversing valleys by bridging them over with arches, but con- 
veyed their water round the mountains, following such a con* 
tour as gave them a proper inclination for the water- course — 
something in the same style as that in which the New River 
was originally brought from Chadwell Springy into London. 
It appears from the account of Garcillasso, that the Peruvians 
had numerous wells, from which water was raised for irrigation 
and other purposes ; but at the time of the Spanish conquest 
many of these wells were used as hiding-places to conceal 
treasure, and being filled up with earth, in order more effec- 
tually to hide them, the sites became obliterated, and all traces 
of the wells were destroyed. 

ON THB ORIGIN AND NATURE OF SPRINGS, AND THB WATBR 

PROCURED FROM SPRINGS. 

Of the water which falls from the clouds in the form of rain 
and snow a certain proportion runs off the surface, and is 
received by rivers and open water-courses; another portion 
enters into union with vegetable substances, a third portion is 
evaporated from the surface, and a fourth portion sinks into 
the soil, and passing through strata which are more or less 
porous, forms the subterranean reservoir which yields^ under 
certain favourable circumstances those fresh, cool, and deli- 
cious springs, that are met with in nearly every part of the 
world. To determine the proportion of the whole rainfall 
which actually sinks into the ground to be again yielded by 
the earth in the form of springs, is one of the most interesting 
problems presented to the study of the hydraulic engineer. 
Nor is it less important to determine the proportion which will 
naturally flow off the surface into collecting or impounding 
reservoirs, this being, the question which has usually to be 
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Bolvod in considering the supplies of water to be obtained 
from gathering grounds or drainage areas. It is obvious that 
the proportions vary much according to circumstances ; they 
depend greatly upon climate, and upon the geological forma- 
tion of the district, and they vary also according to the season 
of the year. Thus in warm weather everywhere, and in tro- 
pical climates throughout the year, the evaporation must be very 
much greater than in colder seasons and climates, so that, sup- 
posing the rainfall to be equal, and all other things alike except 
the temperature, the quantity of water sinking through the 
surface to form springs, and the water running off to form 
rivers, will be much less in the warm than in the cold climate. 
Again, with respect to geological structure, it is evident that 
a district of retentive impermeable clay will carry off much 
more water in its streams and rivers, will admit of greater 
evaporation, and will allow less to sink into the ground than a 
district composed of permeable gravel, sand, or porous rocks. 
The physical shape and configuration of a country has also 
much to do with the proportions in which the rainfall is dis- 
posed of. Thus, all other things being alike, a very hilly or 
undulating country, full of steep slopes and declivities, will 
evidently pass off more water on the surface, admit of less 
evaporation and of less sinking below the surface than one 
with a more level surface. It is a subject of regret, that few 
observations of a trustworthy nature have been made to deter- 
mine the proportion of the whole rainfall, which sinks into the 
ground in different districts. Such observations as we do 
possess have frequently been made by partizans in order to 
support some view or theory of their own, and in other cases 
have been made, rather with the collateral object of comparing 
one district with another, than to determine the absolute 
quantity which penetrates in any one given district. Dr. 
Dal ton found, in the course of three years' experiments on the 
new red sandstone soil of Manchester, that 2.5 per cent, of the 
whole rainfall penetrated to the depth of 3 feet. Mr. Char- 
nock in his experiments during five years, on the magnesian 
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limestone soil of Ferrybridge, in Yorkshire, found that only 
19.6 per cent, of the whole rainfall filtered through to the 
depth of 3 feet, while Mr. Dickinson, having observed the 
infiltration during eight years through the sandy gravelly loam 
which covers the chalk in the valleys around Watford, found 
that as much as 42' 4 per cent, of the whole rainfall penetrated 
to this depth. It is considered, that observations made with 
Dalton*s rain-gauge, which indicates the quantity penetrating 
to the depth of 3 feet, may be depended on as correct, to 
determine the yield of subterranean water in a given district, 
because it is probable, that at and beyond the depth of 3 feet, 
no evaporation takes place into the atmosphere. Mr. Dickin- 
son's experiments are very interesting, as they indicate not only 
the quantity which penetrates annually, but the varying pro- 
portion in each month. The following table, showing the 
result of Mr. Dickinson's observations during the eight years, 
from 1835 to 1843, has been published in a paper by Mr. 
Parkes in the Journal of the Royal Agricultural Society, 
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Mean Fall. Mean Infiltration. 


Per Cent 


January . 


1-847 


. 1-307 


. 70-7 


February . 


1-971 


1-547 


78-4 


March 


1617 


1*077 


66-6 


April 


1-456 


. 0-806 


21-0 


May . 


, 1-856 


. 0-108 


5-8 


June . 


. 2-218 


. 0039 


1-7 


July . 


2-287 


0042 


1-8 


August 


. 2-427 


. 0-036 


1-4 


September 


. 2-639 


0-369 


13-9 


October . 


. 2-823 


1-400 


49*0 


November 


8-837 


. 8 258 


84-9 


December . 


. 1-641 


. 1-805 


. 100-0 



26-614 



11-294 



42-4 



It appears from these observations that in the first three 
months of the year the quantity which penetrates is about 70 
per cent, of the whole rainfall, that in the winter months of 
November and December nearly the whole rainfall sinks into 
the earth, while in the four summer months, from May to 
August inclusive, the quantity which sinks is exceedingly smalj 
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amouDting on the average to little more than 2 per cent, of 
the whole rainfall. 

Mr. Stephenson, in his report on the spring water from 
Watford, calculates the area or watershed draining into the 
rivers Verulam and Colne at 113^ square miles, and he 
assumes the annual rainfall of the district at 20 inches. The 
total quantity of rain falling on this surface would thus be 
equal to 14j- millions of cubic feet in 24 hours. Mr. Telford 
found that in a dry season the rivers which drain this district 
carried off 30 cubic feet per second, or about 2^ million feet 
in 24 hours, which is equal to nearly 3^ inches of rainfEill. 
Dr. Thomson, however, calculates the quantity carried off by 
the streams and springs at 4 inches, and Mr. Stephenson 
adopts this quantity in his calculations. He then assumes 
that the evaporation in a chalk district, together with the 
quantity absorbed by animal and vegetable life, is equal to one- 
third of the whole rainfall. 

The following table therefore represents the results which 
Mr. Stephenson arrived at for the chalk district round 
Watford : — 

MiUions of Inches of 

Cubic feet rain per 

per day. annum. 

QaaDtity carried off by rivers and streams • • 3 4 
Quantity evaporated and absorbed by animal and 

vegetable life .5 6f 

Quantity sinking into the ground to form springs • 6^ 9^ 

Total rainfall Hi 20 

Proportion of rainfall which sinks below the surface, 44*8 per cent. 

On referring to Mr. Dickinson*8 table at page 80, it will ba 
Been that the quantity which he determined from actual experi- 
ment as penetrating below the surface was 11*3 inches out of a 
total rainfall of 26*6 inches. This is equal to about 42*4 per 
cent., or rather less than Mr. Stephenson's calculation. Other 
observers who have written on this subject have calculated, 
roughly, in formations less absorbent than the chalk, that 
streams and nvers carry off one-third of the total rainfall, that 
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another third evaporates and enters into animal and vegetable 
life, while the remaining third sinks into the earth to form 
eubterranean sheets of water, and breaks out again in the form 
of springs. Mr. Frestwich, an able and practical geologist, 
who has distiiignished himself by numerous papers of great 
valae, and who has devoted himself to a very interesting ex* 
amination of the tertiary and cretaceous formations surround- 
mg the metropolis, has given,* as the result of close examination 
and experiment, the following table, to show the probable 
amount of infiltration into three of the principal water bearing 
strata which surround the metropolis : — 



1 

Lower tertiary sand 

Upper green sand . . , 

Lower green sand . 


Total mean 
annual rainfall. 


Amount of 
infiltration. 


Inches. 


Inches. 


Per cent. 


25 

28 
26i 


12 
10 
16 


48 
36 
60 



Springs which break out on the surface of the ground are 
caused in various ways : sometimes by simple superposition of 
a porous stratum on one which is impervious to water, and 
sometimes by the action of faults. 

The annexed figures represent one of the most simple con- 
ditions under which springs are met with, where c is a cap of 



Pig. 1. 



Fig. 2. 



Fig. 3. 






* Prestwich on the Water-Scaring Strata of London, p. 120. John Vas 
VoOTst, 1851. 



18 ORIGIN AND 

porous sand or gravel, resting on d, an impermeable mass of 
clay. In this case a portion of the water falling on the poroas 
surface of the covering will penetrate downwards until it is 
stopped by the clay, and will break out at a and b in the form 
of springs. Where the underlying clay has a basin-shaped or 
hollow form the water will accumulate in the lower part of the 
sand to the level of the horizontal line a b, and below this line 
the sand will be permanently saturated with water. A great 
many of the shallow springs aronnd Londonarise from the water 
lodging in depressions filled with porous gravel, which rest on 
the thick beds of London clay beneath. Hampstead Heath is 
another example where a mass of porous sand rests on a thick 
bed of impermeable London clay. At a number of points all 
round the heath, the water escapes from the sand in springs, 
and finds its way over the surface of the London clay. There 
are a great many towns situated in clay districts all over Eng- 
land, where the water is procured, either from springs arising 
in the drift-gravel lodged in basins and hollows, or from wells 
sunk into this drift-gravel to a point below the line of satura- 
tion. Many of the surface wells of London drew their supply 
from this source, the water being derived from what were 
termed land-springs, to distinguish it from the deep well-water 
lying below the London clay. Many towns on the new red 
sandstone, as Leicester, Nottingham, Wolverhampton, &c., 
had shallow wells under the same circumstances. . The water 
procured from wells of this description is commonly very infe- 
rior to that drawn from deeper levels. 

Figure 4, taken from Dr. Buckland's Bridgewater Treatise, 




exhibits the origin of two kinds of springs. The valley b in 
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this figure is one in which springs are caused by contact of a 
permeable with an impermeable stratum, and the hill c is one on 
the sides of which, as at /, springs are caused by the action of 
a fault. The following description is in the words of the dis- 
tinguished author of the Bridgewater Treatise. " The hills a, 
c, are supposed to be formed of a permeable stratum, a d oT^ 
resting on an impermeable bed of clay, h h' h". Between these 
two hills is a valley of denudation B. Towards the head of this 
valley the junction of the permeable stratum a c( with the clay 
bed h b' produces a spring at the point s ; here the intersection 
of these strata by the denudation of the valley affords a peren- 
nial issue to the rain-water which falls upon the adjacent up- 
land plain, and percolating downwards to the bottom of the 
porous stratum a c^, accumulates therein until it is discharged 
by numerous springs, in positions similar to s, near the head 
and along the sides of the valleys which intersect the junction 
of the stratum a a' with the stratum b bf, 

" The hill c represents the case of a spring produced by a 
fault H. The rain that falls upon this hill, between H and d, 
descends through the porous stratum a" to the subjacent beds 
of clay 6". The inclination of this bed directs its course 
towards the fault h, where its progress is intercepted by the dis- 
located edge of the clay bed h\ and a spring is formed at the 
point/. Springs originating in causes of this kind are of very 
frequent occurrence, and are easily recognised in cliffs upon the 
sea shore. Three such cases may be seen on the banks of 
the Severn, near Bristol, in small faults that traverse the low 
cliff of red marl and lias on the N.E. of the Aust passage. 
In inland districts the fractures which cause these springs are 
usually less apparent, and the issues of water often give to the 
geologist notice of fautts, of which the form of the surface 
affords no visible indication." 

Other conditions under which water occurs, are illustrated 
in figs 5, 6, and 7. In fig. 5 A is an impermeable cap of clay, 
resting on a porous bed, b, which in its turn rests on an im- 
permeable stratum, c. The water which falls on the surface 
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of B, and perhaps abme of that which falls on a» will sink into 

Fig. 5. 




the porous stratum b, and accumulate nearly to the level of 
a b, at which level it is drained hy springs, breaking oat at 
e. In wells sunk at e and/, the water will rise to the level 
of the line ab; also, in borings made at d, the water will 
probably rise through the bore-hole and overflow the surface, 
forming what is called an overflowing Artesian well. It is 
evident, if the mass a covered the permeable strata to a higher 
level than c, namely, to as high a level as the edges of the bed 
c, then the line of saturation would correspond with that upper 
level — ^a distinction which will be sufficiently understood by 
inspection of fig. 5, without the aid of another diagram. 
Fig. 6 represents the case of a basin drained by a river 

Fig. 6. 




and having an inclined line of saturation. Here a, b, and c, 
represent the same succession of strata as in fig. 5. At a 
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15 a nver, where the water lodged in b finds the means of 
escape; and hence the line of saturation and the height 
to which water will rise in wells hecomes the line a b, drawn 
from the outcrop of c to the mean level of water in the 
river at a. 

It is evidenty if any part of the surface of b should lie 
below a h, then we may expect to meet with springs breaking 
out on the surface ; and so, if any part of the surface of a 
should lie below a 6, then we may expect to find overflowing 
Artesian wells, as in fig. 6. 

It is probable that the line of saturation, a b, is not inva* 
riably a straight line, but in dry seasons is depressed into 
a hollow curve beneath the straight line, while in wet seasons 
it swells into a convex curve above the straight line. If 
we conceive it to swell in wet seasons to such an extent 
as to cut the surface d at any point to the right of the 
mass A, we shall have for a time a spring flowing at that 
point. This is one mode of accounting for intermittent 
springs, some of which will be hereafter noticed in speaking 
of chalk districts. 

Fig. 7 shows an arrangement of strata which often prevails 

Kg. 7. 




in nature, the impervious mass c cropping out at very dif- 
ferent levels, a and 6. Here the line of saturation also will 
be inclined from b to a, and at this level the water will stand 
in wells sunk between a and b. This explanation is somewhat 
at variance with that given for fig. 1, plate 69, of Dr. BucV* 
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land's Bridgewater Treatise, where in a diagram somewhat 
similar to this the water level is described to be at the level of 
a horizontal line drawn through a. This would perhaps be the 
case theoretically, if we conceive the stratum b thoroughly and 
completely porous, and offering no resistance whatever to the 
passage of the water. In other words, if we suppose b to be a 
liquid mass, of course the water will stand no higher than the 
level of a* This is in reality so far from being the case that in 
all valleys, such as that represented in fig. 7, the water stands 
at different levels, these being higher as we approach the 
elevated outcrop and lower as we descend. The observations 
of Mr. Clutterbuck, with reference to the water-level in chalk 
wells between Watford and London, completely confirm this 



view. 
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Figs. 8 and 9 show one of the most common modes of oc- 
currence where the fault x has caused a dislocation of the 



Rg. 8 



Fig. 9. 

X 





strata, and brought down the impermeable bed a in contact 
with the porous stratum b. Fig. 8 shows the spring breaking 
out in the valley at x, but the same effect sometimes takes 
place near the tops of hills or on high table land as at x, fig. 9, 
especially if the beds in b dip towards x. 

Another class of springs is frequently caused by the fault 
in pervious rocks being filled up with clay or other matter im- 
permeable by water. Such are many of the faults in limestone 
districts, as in th^ carboniferous limestone of Gower, where the 
faultH are commonly filled vnth clay, which acts as a perfect 
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dam, and throws out the water at the surface. It has heen 
observed by geologists that the occurrence of springs in lime- 
stone districts is one of the best indications of the existence of 
faults. In the carboniferous district of Gower the limestone is 
traversed by a succession of nearly parallel faults, which range 
across the limestone at right angles to the coast line. The 
lines of these faults are invariably marked on the surface by a 
series of springs breaking out at different levels from that of 
the sea, up almost to the summit of the country. The lower 
springs are far the most copious, and some of those near the 
level of the sea never cease to flow, while those at the higher 
levels are readily affected in dry seasons, and often cease for 
months together to yield a drop of water. 

Springs arising from faults, unlike those caused by alterna- 
tions of strata in valleys of denudatioiiyare by no means confined 
to combes or valleys. On the contrary, they often appear on 
table lands and other high elevations. The great boundary 
fault of the Dudley coal field, in the neighbourhood of Wolver- 
hampton, where the magnesian limestone and red sandstone 
marls are brought down in contact with the coal measures, gives 
rise to numerous springs almost at the summit of an elevated 
district along the margin of the coal field. Many of these 
springs burst up in an almost vertical direction, and may be 
seeii in several cases breaking through the hard surfaces of 
roads and flowing over into the gutters. 

There are numerous other conditions connected with the 
juxtaposition of strata which give rise to springs. Some of 
these will be noticed in speaking of the principal water-bearing 
formations of this country. In a work of this description, 
however, it would evidently be impossible to go into all the 
details of the subject. Hence we have been obliged altogether 
to onait the phenomena of springs arising from many peculiar 
cases of alternating strata, as well as those arising from the 
unconformability of rocks and other stratigraphical aminge- 
raents, the consideration of which would be more suitable tor H 
purely geological treatise 
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ON THX 8PBIN08 OV CHALK DI8TRIC1B. 

The chalk is a fonnation of great extent, not only in Eng- 
land, but all over Europe, and there is every reason to suppose 
that at a former period— of course long before the age of his- 
tory — it overspread nearly two-thirds of the whole of this con- 
tinent. Its extraordinary composition^ due in a great mea- 
sure to the exnvise and other remains of entomostraca and 
other microscopic beings, mingled with white mud, like that 
of tropical seas, and the dShris of coral islands, and abounding 
with large forms of marine organic life, clearly point oat the 
great conditions under which the chalk of England has been 
formed, namely in the deep and tranquil seas of a former world. 
swarming with all the rich and varied fauna peculiar to such 
conditions. To-day we find this g^eat ocean bed of white 
mad hardened, conBolidated, and raised up into dry land, oc- 
cupying many thousand square miles of territory, and present- 
ing every kind of undulation and irregularity of surface. Even 
when we come to the outside or escarpment of a chalk district, 
we find a broken truncated outline, which shows clearly that 
this great formation once extended much further than its pre- 
sent limits, and tells its own tale in language as plainly as the 
two opposite chalk clifls of France and England show that 
the chalk has formerly been continuous between the two coun- 
tries. Again, when we see the chalk lost beneath the tertiary 
sands and clays which cover it everywhere in the neighbour- 
hood of London and in Hampshire, and see it reappear on the 
other side of the basin, we know perfectly well, independently 
of the evidence of borings and wells, that the chalk is continu- 
ous beneath the overlying strata — these simply reposing in a 
basin or depression of the chalk, which has not been raised so 
high as that which appears at the sur&ce. Considering the 
great extent of the chalk formation, and the numerous towns 
placed within its limits, comprising the metropolis of Great 
Bntsin itself, besides many other populous places of minor 
oofiiequence, it is evident that the hydrogra^hical condition? 
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of imcb a formation must be of great importance. We sht^ 
therefore discuss at some length the phenomena of tpringir 
and wells in the chalk, as these have an important bearing 
both on questions of present and future water supply. 

Mr. Prestwich, in his valuable work on the Water-bearing 
Strata of London, states the area of the chalk district imme- 
diately surrounding the tertiary basin of London at 3794 
square miles, hut this is by no means the extent of the chalk 
formation in England. If we take the whole area of the chalk 
coQntry which extends almost without interruption Arom Flam- 
borough Head in Yorkshire to near Bridport in Dorsetshire, 
and with few slight exceptions, and except where covered by 
tertiary or newer strata, occupies the whole area between 
fhis line and the coast, we shall find the great chalk basin of 
EngL'md occupy an area of not much less than 15,000 square 
miles, or nearly one-third the whole surface of England. A 
considerable part of this area is, no doubt, covered by tertiary 
and other deposits; but as the chalk extends beneath these, 
and even influences materially the hydrographical phenomena 
which accompany them, it is usual to include the whole space 
so covered as part of the chalk basin. It is true also that 
throughout a considerable part of Kent and Sussex there is a 
protrusion of older rocks coming up to the surface, from which 
the chalk has been denuded, so as to leave an abrupt truncated 
escarpment along the whole line of the north downs, and a 
corresponding one along the line of the south downs. Even 
deducting this interposed area of older rocks, however, which 
is termed the Weald of Kent and Sussex, we shall still have 
for the great chalk formation an area of nearly one- fourth the 
whole of England. According to a rough calculation the 
figures would be as follows : 

Sq. Mi1«tt. 

^Hiole area of the chalk basin, mduding th? \Veald of Kent 

and Sussex 14,707 

Uss area of the \^eald 2,184 

12,523 
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The whole area of England, according to the last ceb^u^ ii 
50,782 square miles, and that of England and Wales 53,^i2u. 

CHALK BASIN OF LONDON. 

The hydrographical conditions connected with the great 
chalk basin of London formed a frequent subject of discussion 
at the Institution of Civil Engineers in 1842. The Rev. W. 
Clutterbuck, a geologist of some eminence, residing at Wat- 
ford, took up the case of the millowners in opposition to Mr. 
Stephenson's project of conveying spring water from Watford 
to London. In one of his papers Mr. Clutterbuck describes 
the line of country through which the river Colne flows. Part 
of this district, he observes, is covered with gravel tnrough 
which the rain water percolates and finds its way mco the 
chalk, where it accumulates until it rises and finds veut by 
the small streams of the Ver, the Gade, the Bulboum, and the 
Chess, which are tributaries of the river Colne. Anotner por- 
tion of the Colne Basin is covered by the London and plastic 
clays, on the surface of which the rain flows in open channels 
into the Colne, rendering it subject to sudden floods. ''Iq 
the upper or chalk portion of the district," says Mr. Clutter- 
buck, " a periodical exhaustion and replenishment of the sub- 
terranean reservoir are continually going on." This he has 
traced through a series of wells, and found to be exactly in i 
proportion to the distance from the river or vent. Mr. Clut- 
terbuck first drew attention to the effect of pumping from the 
deep London wells sunk into the chalk. He stated that the 
effect of pumping during the week was to reduce the level of 
the water to the extent of 5 inches, and that the original level 
was resumed on Monday morning, owing to the cessation of 
pumping during Sunday. The alternations of level are some- 
what \aried by heavy falls of rain, or by extraordinary cessa- 
tions of pumping ; but Mr. Clutterbuck assumes, as a general 
rule, that the relative heights of water in the wells at some 
distance from London pointed out and corresponded with the 
metropolitan holidays. 
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Mr. Clattcrbuck, in another paper, referred to a statement 
m Conybeare and Phillips' Geology, (Book I., Chap. IV.« 
page 35 ») in which there appeared an anomaly in the height to 
which the water rises in certain wells on the north side of 
London. Thus, at Mile End, the water stood at the level of 
high water mark in the Thames ; at Tottenham, 60 feet ; at 
Epping, 314 feet; and at Hunter's Hall, 190 feet above that 
level. Rejecting the Epping well, for the reason which will 
be given presently, Mr. Clutterback stated, that if a straight 
line be drawn on a vertical section from the level of the water 
at Hunter's Hall to mean tide level in the river Thames, it 
will cut the water level in the other wells, and give nearly the 
average inclination of 10 feet per mile, or something less than 
that which he had ascribed in his former paper to the water 
level in the wells between Watford and London. The author 
rejects the Epping well^ because he ascertained on the spot 
that the water was derived from land springs, and not from 
the sands of the plastic clay as in the other wells. 

In order to prove the, depression caused by the London 
pumping, the author draws a straight line to mean tide level 
in the Thames from a point 3 miles south of the Colne and 
170 feet above high water mark, which is the level of the 
Colne at Watford. 

This line, which would be fourteen miles in length, and 
would have a total fall of 180 feet, or about 13 feet per mile, 
cats the water level at the point where it is drawn at Hendon 
Union Workhouse, and at Cricklewood between Hendon and 
Kilbum, from which fact Mr. Clutterbuck infers that up to 
this point there is no depression of level caused by the pump- 
ing from the London wells. At Kilbum, however, the water 
level is considerably depressed below the straight line so 
drawn; and in fact the water is known to have stood here 
some years ago 20 feet higher than at present, so that he 
attrihutes this depression to the exhaustion of the water by 
pumping under London. 

Mr. Dickinson, an extensive millowner residing near Wa^ 

c 2 



38 CHALK BASIN 

ford» has kept fot some years an ordinary rain gange, and also 
one on the principle suggested hy Dr. Dalton. This latter 
shows the quantity of rain falling on the surface, which sinks 
in so far as to be beyond the reach of evaporation, and which 
therefore may be calculated to reach the interior reservoir of 
the chalk formation, from which its springs and rivers are fed. 

Mr. Dickinson has published the results recorded by these 
two gauges for a period of eight years (see page 15), namely, 
from 1835 to 1843. It appears from his observations that the 
average rain fall in these years, as indicated by the ordinary 
rain gauge, was 26' 61 inches, while the Dalton gauge gave 
only an average of 11*29 inches as penetrating beyond the 
reach of evaporation. It further appears in these observa- 
tions, that from April to August inclusive, scarcely any of the 
rain descended below the reach of evaporation, whilst the 
greatest quantities recorded by the Dalton gauge were usually 
in the months of October and November. It is remarkable 
how nearly the average absorption shown by the Dalton gauge 
agrees with that assumed by Mr. Robert Stephenson in his 
report to the Watford Spring Water Company. Mr. Ste- 
phenson assumed that 6^ million cubic feet sank into the earth 
out of a total rain fall of 14^ millions. This quantity on a 
rain fall of 26*61, the average by Mr. Dickinson's gauge, 
would give 11*50 inches for the quantity absorbed, whereas 
we have seen that Mr. Dickinson's quantity is 11*29 inches. 
It must be observed, however, that according to Mr. Dickinson 
the minimum quantity absorbed in certain years falls very far 
short of this amount. For instance, in the year beginning 
September 1840 and ending August 1841, the total rain fall 
was 25*58 inches, and the proportion recorded by the Dalton 
gauge was only 4*67 inches, or less than ^ of the total rain 
fall. Several of the other years give the proportion of rain 
absorbed at less than •}■, while in four years out of the eight, 
the proportion was rather more than half. 

If these observations of Mr. Dickinson are to be implicitly 
relied on, it would not be safe to calculate on an absorption of 
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oiore than 4 inches on the chalk sorface in certain dry years, even 
when the total rain fall is quite equal to an average ; and the 
result of course would he still less if we conceive an extremely 
warm average temperature comhined with a small rain fall of 
20 ins., which is hy no means uncommon in this part of England. 

Mr. Clutterbuck preferred the indications of wells to that of 
the Dalton gauge, and pointed out several objections and 
alleged errors in the results recorded by the latter. 

The streams which flow off the Chiltem hills, as the Ver, 
the Grade, the Bulboum, and the Chess, have their origin 
in the water which sinks into the gravel beds overlying the 
chalk, and which being upheld by retentive beds in the chalk, 
seeks a vent and flows off by those valleys. Mr. Clutterbuck 
describes the district of these valleys as a reservoir dipping 
towards the south, at an average inclination of nearly 300 feet 
in 14 miles, or about 21 feet per mile. 

It appears to be the general opinion of Mr. Clntterbnck^ the 
lateDean of Westminster,and other eminent geologists who have 
studied the subject,, that the surface of the subterranean reser* 
voir in the chalk corresponds roughly with a line drawn from 
the river Colne, at Watford, to mean tide level in the Thames, 
below London. They assume that in wells sunk to the chalk 
in the neighbourhood of London, the water will rise to some- 
where about the level of this line. There are facts however 
connected with the variable rainfall at different seasons, and 
the irregular pumping from the London wells, which materially 
affect this water level. Thus a considerable replenishment of 
the reservoir takes place between December and March inclu- 
sive, and during these months the water accumulates in pro- 
portion to the distance horn the vent below London. 

During these months the general level of the water line rises 
above its usual height, and the streams make their appearance 
at higher points in the valleys. In the season of exhaustion 
again, which usually takes place between April and November, 
the water level is depressed, and the streams break out at lower 
IK)int8. This variation of level at different seasons sometimes 
amounts in the higher districts to 50 feet of vertical height. 
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The pumping from the London wells prodaoes not only i 
gradual and permanent general depression of the water linei 
but even causes periodic changes corresponding almost with 
the daily extent of pumping. Mr. Clutterbuck asserts that 
the level is gradually reduced by the pumping during the week 
from Monday morning till Saturday night ; that the cessation 
of pumping on Sunday is marked by the increased height on 
Monday morning, and that holiday times, such as Christmas, 
Easter, and Whitsuntide, may be distinguished. ''Thus/' 
says Mr. Clutterbuck, " the measurement of a chalk well in 
London would show the days of the week and the great festi- 
vals by the daily variations ; the seasons would be indicated hy 
the average difference in the height of the level at different 
periods of the year ; and the changes of the weather, by the 
falling of the rain, would also be shown." 

Dr. Buckland says Mr. Dickinson's rain gauge showed that 
during two- thirds of the year the rain which fell rarely sank 
3 feet into the earth ; but in November, December, January, 
and February, it passed down into the chalk in proportions 
which accorded so constantly with the greater or less amonnt 
of rain falling in these four wet months, that Mr. Dickinson 
had been accustomed to regulate the amount of orders under- 
taken to be executed in his paper mills during the following 
spring and summer, by the indications on this rain gauge of 
the quantity of water that descended more than 3 feet in the 
preceding winter. 

Mr. Dickinson said the quantity of rain which penetrated 
the chalk in the four months from November to Febraary, 
varied from 6 to 1 7 inches, the former quantity being sufficient 
to cause the flow of the principal springs. 

ON THE WATER LEVEL OR LINE OF SATURATION IN TBI 

CHALK. 

The inclination of this line in different parts of the chalk 
basin appears to vary with the dip of the stratification, and 
sometimes presents anomalies which are probably caused by 
some phenomena of a merely local nature* Mr. Clutterbuck 
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has showu that the water line in the district between Watford 
and I^ndon has an inclination of about 13 or 14 feet per mile* 
and that the inclination in the district north of London is only 
about 10 feet per mile. Mr. Prestwich quotes some observa- 
tions made by Mr. W. Bland on the height at which water 
stands in two lines of wells about 6 miles apart, traversing the 
chalk district between Sittingboume and Maidstone. Reduc- 
ing these observations, Mr. Prestwich finds that on one line 
the inclination of the water line is 47 feet per mile, and on 
the other 45 feet per mile, or nearly the same. All these in- 
clinations, both those of Mr. Clutterbuck and Mr. Bland, 
appear to correspond roughly with the dip of the chalk strata 
in the respective districts. In some other observations by Mr. 
Bland, where a difference occurs in the water level of 93 feet 
and 102 feet in distances of less than a mile, Mr. Prestwich 
says that these probably arise from some local cause. 

DEPRESSION OF WATER LEVEL IN LONDON WELLS. 

Mr. Clutterbuck stated, in 1843, that the depression in the 
centre of London amounted to 50 feet ; at the Hampstead Road 
30 feet ; and at the Zoological Gardens, 25 feet. Mr. David- 
son, from observations made in 1822, said the water in ten 
of the principal wells in London then stood at the level of 
Trinity high water mark. In 1843, the water did not rise 
to within 50 feet of that level, thus showing a depression of 
more than 2 feet per annum. 

CHALK WELLS. 

The circumstances under which water is met with in sinking 
near Watford are thus described by Mr. Stephenson, in his 
report on the water supply. The valley of the Colne is covered 
by a bed of aUuvial gravel ( ? diluvial) about 20 feet in thick- 
ness, and on sinking through this about o feet into the chalk, 
abundant springs of water are met with, which increase in 
magnitude and force as we descend. 

Mr. Stephenson then describes two experiments which he 
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canned to be made at a well pnrpoeely sunk in Bushey meadows. 
The first set of experiments was intended to show whether the 
springs which are met with immediately on sinking into the 
chalk derived their supply from the river, and the result of ac- 
curate gauging of the river showed that no effect whatever was 
produced when the water was repeatedly pumped out of a well 

34 feet in depth. He inferred from this that all direct com- 
munication between the river and the springs was cut off by 
the clay bed in which the former flowed. 

In the Tring cutting on the London and North-Western 
Railway, springs were met with which yielded a million gallons 
per day, and although this part of the country is many feet 
higher than Watford, the chalk was found to be so saturated 
with water that it was extremely difficult, and even impossible 
by ordinary means to sink wells a depth of 60 feet. 

Mr. Prestwich is of opinion that water does not circulate 
through the chalk by general permeation of the mass, but chiefly 
through fissures. He observes, that if a shaft be sunk into 
chalk to a depth of say 80 feet below the level at which tbo 
water stands, and the water be pumped out, it will be replaced 
b) the abstraction of water from the communicating fissures, 
and the distance to which these will be affected depends on 
several circumstances, but chiefly on the head of water on or 
above the level of the point of draught. In the higher chalk 
districts the fissures are soon exhausted by pumping, and Mr. 
Bland mentions an instance in the high chalk district between 
Maidstone and Sittingbourne where the pumping at one well 
drained another nearly a mile distant. At lower levels in the 
chalk district, however, and especially along the boundary of 
the tertiary area, as at Watford, the head of water is usually 
much higher than the surface of the ground, and wells sunk 
here can draw their supply from the whole mass of upland 
chalk lying beyond, and at a higher level. Hence the effect 
of pumpmg in this situation is much less sensibly felt than in 
the higher chalk districts. Mr. Paten, who was produced as 
a witness in favour of the Watford supply, before the Com* 
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mittee which sat in 1 840^ made some special experiments to 
determine the eflect of pumping from contigaoas wells in that 
neighbourhood. 

His first set of experiments consisted of sinking twenty 
borings in a part of the valley at Watford, comprising two miles 
in length and three-quarters of a mile in breadth. These 
borings were each sunk to the depth of 134 feet, and the wit- 
ness declared that he obtained an equal quantity of water from 
each boring. He then sunk a 12 inch boring in Bushey mea- 
dows to the same depth of 134 feet» and this boring yielded 
480,000 gallons in 24 hours. His next experiment was made 
by sinking a shaft 20 feet in diameter and 34 feet deep. This 
shaft reached the chalk at 21 feet deep, and was sunk 13 feet 
into the chalk, the last 8 feet being solid chalk. At this depth 
of 34 feet the shaft jrielded two million gallons of water per 
day of 24 hours. He then made four borings, each of 5 inches 
diameter, in the bottom of this shaft. The borings being 100 
feet deep, the whole depth from the surface was 134 feet, and 
the whole yield of water was then three million gallons per day. 

He further states that there are many wells in the neigh- 
bourhood of Watford yielding 400,000 gallons per day, and 
quoted four borings, which together yielded 1^ million gallons. 
He seemed to be of opinion that in the neighbourhood of 
Watford the subterranean sheet of water is so abundant as to 
be inexhaustible, and that borings do not afiect each other 
even when made at very short distances apart. 

The great mass of evidence which has been brought for- 
ward of late years goes to show that a large supply may 
undoubtedly be obtained at those levels in the chalk district 
where springs now break out in abundance, and where sink- 
ings are made below the line of saturation. At the same 
time there are many instances of very deep wells being sunk 
into the chalk through the tertiary strata, and proving 
either entire fulores, or yielding a very small quantity of 
water. Mr. Prestwich mentions a well at Safiron Walden, 
which passed through 1000 feet of chalk before meeting with 

c 5 
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a fofVicieiit supply of water, and it was not till the whole 
thickness of the chalk was traversed that water was ohtained. 
Most of the large wells at the brewenes in London are sank 
^m 200 to 300 feet into the chalk, and at this depth few of 
them yield more than a hnndredthonsand gallons a day. Tlie 
well in the HampsteadBoad, snnk by the New Biver Company, 
the well at Sonthampton, the famous artesian boring at Gre- 
nelle, and more recently the one snnk by M. Molot at Calais, 
have all failed in procuring any large supply of water from the 
chalk. At the same time it has been stated, that the aggre- 
gate yield of all the weUs sunk into the chalk in the neigh- 
honrhood of London is not less than 10 million gallons a day. 
Some doubts have been expressed whether the water of the 
chalk be distinct from that of the overlying sands of the plastic 
clav. 

Mr. Cliitterback appears to think there is no real distinction 
between them, and that the water is all derived from the chalk, 
from which it rises up into the sands. 

Mr. Simpson, on the other hand, considers the waters of the 
two formations are distinct, as they rise to different levels. 
He observes, that previous to 1830, there were many over- 
flowing artesian wells on the west side of London, and he 
believes that in the majority of these the water came from the 
chalk. (See his paper presented to the Institution, giving an 
account of 67 wells.) 

Fig. 10, which is a section from Tring in Hertfordshire, to 
Seven Oaks in Kent, will serve to illustrate the principal hydro- 
graphical conditions of the London chalk basin. In this sec- 
tion A is the gault clay, an impervious stratum, which under- 
lies the firestone, chalk marl, and chalk. The firestone and 
chalk marl are not shown in the section, because it is believed 
in this chalk basin the water penetrates through both of these, 
and ?8 really not stopped till it reaches the gault. In the south 
downs, however, it is otherwise, for there Lydden Spout, 
and other copious springes are thrown out by the chalk marl, i 
b the great mass of chalk 800 or 1000 feet in thickness. The 
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teriitty or Thanet sands, restmg on the chalk, are marked €^ 
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Knockholt. 



Seven Oaks. 



and the impervioas mass of London clay is marked d. The 
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lerel of high water mark in the Thames is represented by the 
horizontal line a b, and the presumed line of sataration 
or height to which the water from the chalk will rise at 
any point between London and Tring, is represented by the 
inclined line c d, drawn from the top of the gault below Tring 
to tide level in the Thames at Lewisham, where the chalk is 
exposed in the basin of the Thames. It will be observed that 
in this section I have not shown the beds in one continaoos 
uninterrupted basin- shaped arrangement, but intersected by two 
faults, marked No. I and No. 2. The fault No. 1, which 
brings down the London clay d to the level of, and in contact 
with, the chalk, is clearly exhibited on the North Kent and 
London and Brighton Railways, both of which it intersects at 
New Cross, in a north-east and south-westerly direction. It 
has been well described by the late Mr. De la Condamine, 
in a paper read before the Geological Society of London, in 
June, 1850.* With respect to the fault No. 2, although not 
exposed at the surface, we have good evidence of its exist- 
ence from well sections. Thus, the depth to the chalk below 
Trinity high water mark at Gray's Inn Lane, the Hampstead 
Road, Tottenham Court Road, and the Regent's Park, varies 
from 80 to 100 feet ; while at Trafalgar Square, Wandsworth, 
and Chelsea, the depth varies from 250 to more than 300 feet, 
which shows either a fault or a very great curvature of the 
strata. Mr. Prestwich believes that this fault or axis of eleva- 
tion, whichever it be, passes along the valley of the Thames, in 
an east and west direction. It is clear that this fault as well 
as the one at Lewisham, No. 2, would be intersected by 
the line of our section. The main drainage of the chalk for- 
mation is not so much interfered with by these faults as might 
be supposed at first sight. The Ime c d shows the height to 
which the chalk is probably saturated with water, accord- 
ing to the views first promulgated by Mr. Clutterbnck, and 
afterwards corroborated by the Dean of Westminster and other 

* Published in Vol. vi. of the Quarterly Journal of the Geological 
Society, page 440. 
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eminent geologists. The drainage of the chalk will still take 
place at d, notwithstanding the faults, because the communica- 
tion between the separate masses of chalk is still uninterrupted, 
the fault being probably not filled up with impermeable clay 
and made into a puddle dyke, as happens in some districts. 
According to the views of Mr. Clutterbuck, the water will rise 
in wells between Tring and London, to the level of c d, and he 
has found by measurements of numerous wells intermediate 
between the two places, that the water stands at, or nearly at 
this height. It will be observed that the ground at Watford 
lies below the line of saturation c d, and this accounts for the 
numerous springs which break out in the meadows there, and 
for the fact, that every excavation, made only a few feet in 
depth, is immediately filled with water. Again, it will be 
observed, that a part of the London clay district, close to the 
metropolis, lies below the line of saturation. This is precisely 
the condition under which artesian wells may be expected to 
yield a stream of water that will overflow the surface. On 
boring down through the London clay, n, to the chalk on either 
side of the fault No. 2, we come to water which is acted on by 
the pressure from Tring or Knockholt as the case may be, and 
which, as soon as the boring is effected, rushes up through it 
and rises above the surface namely to the line c d. This is 
the explanation of many overflowing artesian wells in the 
neighbourhood of Fulham, Brentford, and other places in the 
valley of the Thames. 

The section, fig. 10, difl^ers somewhat from that given by the 
Dean of Westminster, in his celebrated Bridgewater Treatise, 
where the line of saturation is drawn horizontally at the level 
of the low ground at Watford : and in the text of that work it 
is said that the water of artesian wells will rise to this level. 
I prefer, however, the view taken by Mr. Clutterbuck, and 
which I have here ventured to follow, and I do this without 
implying the smallest disrespect for the opinion of so eminent 
a geologist as the Dean of Westminster, because I under- 
stand that in the discussions which took place in 1842 — 3, 
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on the views and opinions of Mr. Clatterback, the Dean ex« 
pressed his agreement with him on this point.* The feuilts 
which I hare ventured to add in the section have only been 
brought to light within the last few years. 

VAULTS AND DISTURBANCES OF THE CHALK DISTRICT, INFLU- 
BNCINO THE PHENOMENA OF SPRINGS AND THB HEIOBT Of 
WATER IN WELLS. 

The chalk basin of London appears to be intersected by 
two principal lines of disturbance, one of which has nearly an 
east and west direction, and follows the course of the Thames 
from the Nore to Deptford.f The other is supposed to be 
nearly at right angles to this passing across the Thames near 
Deptford, and ranging nearly north and south up the valley of 
the Lea, towards Hoddesdon. The North Kent apd London 
and Brighton Railways cross these lines of disturbance near 
their intersection at Lewisham, and exhibit a curious series of 
small faults in a direction from north-east to south-west, or 
nearly in a diagonal direction with the main lines of disturbance. 

The general effect of these faults is to bring down the ter- 
tiary sands, and sometimes even the London day, to the same 
level as the chalk. This will be understood from fig. 1 1 , which 
represents a section taken across the fault from west to east, in 
the neighbourhood of Lewisham or New Cross. A similar 
section, from north to south, across Blackheath, shows the 
chalk below Blackheath and Greenwich Observatory, in con- 
tact with the London clay under Greenwich marshes.^. 

Fig. 1 1 explains the influence of this fault, on the height at 
which the water will stand in wells sunk down through the 

* I find the Dean saying, in the discussion at the Institution of Citil 
Engineers, May Slst, 1842, "Mr. Clntterbuck's repeated observations upon 
wells along the line in question must be considered to have proved the 
existence of this meUned line." 

t Prestwich, p. 40. 

t See a very interesting paper by the Kev. H. M. De la Condamine, 
M.A., on the tertiary strata and their dislocations in the neighbourhood of 
Blackheath. Vol. vi. Quarterly Journal of the Gteological Society, p. 440. 
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London clay. A B is a line represeating the fitolt, on the wevt 
tide of which the impen ioas mau of the London cUj is thrown 
down in contact with the porous beds of tertiuy twxd wid 
chslk, >o that the water in these nmds will stand at the 
level V on the eut ride of the &nlt, and not higher than o on 

Kf. II. 
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the west ude : the difference between the depths of ■ r and 
r. D will show the different level to which the well will requiic 
to be sunk in the two cases. 

The wells in Essex, even on the east ride of the &nlt, are 
GommoDlj of great depth, but thia is principally owing to the 
general elevation of the country, which renders it necessary to 
penetrate through a great thickness of the London clay, aome- 
times nearly 400 feet, before the same sands caji be reached 
which, at Tottenham and Mile End, are fonnd from 50 to 100 
feet below the sorface, and which at Lewisbam, Charlton, and 
Woolwich, are actually at the siirfoce. 

At Bow, Stratford, and West Ham, the water stands in wells 
at about the height of high water mark in the river Thames, 
while in many parts of Essex it stands as much as 330 feet 
above that level. It is not probable that the whole of this 
great difference in elevation is caused by the fault, although 
tome portion of it may be so accounted for. The tertiary 
sands are not uniform in composition over exiensive areas, and 
it is possible that the flow of water through tbem may be im- 
peded by interposed lenticular masses of clay, and thus many 
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of the anomalies in connection with the Elssex wells mav, in 
some degree, be explained. 

In addition to the fault which has been already alladed to as 
traversing the London district in a north and south direction, 
there is another line of elevation passing east and west up the 
valley of the Thames, which appears either to have disrupted 
and broken through the strata beneath the London day, or to 
have bent them into a saddle-shaped form, and brought themnp 
within a comparatively small depth from the surface. This line of 
disturbance, however, does not appear to have influenced the 
hydrographical conditions of the chalk district nearly so much 
as the position occupied by the chalk in connection with the 
impervious strata on which it rests. If we trace the whole 
line of the chalk formation, both in the north and south downs, 
in Wiltshire, Hants, and again, in Hertfordshire and Cam- 
bridgeshire, on the north side of London, we shall find a re- 
markable difiference in its hydrographical aspect. For instance, 
along the whole range of the north and south downs, if we 
except the insignificant streams of the Ravensbourne and the 
Wandle, the uniformly arid nature of the surface is not varied 
by a single streamlet, nor is a spring to be found any where 
on the surface of the chalk, except where the lowest marly 
beds give rise to springs at a level far below the general sur- 
face of the downs. But in the great development of chalk in 
Wiltshire and Hants, and, in fact, more or less throughout the 
whole of the chalk country on the west and north sides of the 
London basin, streams of all sizes rise from the chalk and flow 
over its surface. 

This remarkable difiference is due, no doubt, to the relative 
elevation of the chalk and of the gault formation which passes 
entirely beneath it, and is only separated from the lower 
chalk by a comparatively small thickness of firestone or upper 
green sand. Whatever may be the retentive capacity of 
the lower marly beds in diflierent varieties of chalk, and at 
different parts of the range, it may be laid down as a general 
rule that water, in any considerable quantity, is never met with 
much above the level of the gault, which serves, in fact, m a 
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barrier or dam to keep up to its own level the water that 
has penetrated the chalk. Hence, if the arrangement of 
these strata in any district he sach that a large sorfJEU^ of 
chalk is greatly elevated ahove the gault, then we shall find a 
dry and parched surface on which the water no where seeks an 
open channel, until it arrives at the level of the gault. Below 
this level the poroas heds of the chalk and the upper green 
sand are already saturated with water, and therefore the new 
supplies furnished by rain and snow, after having filtered 
through the chalk down to this level, will either overflow or 
force out the water which lies beneath, and already fills up the 
crevices and hollows of the chalk. Now, in the elevated 
ranges of chalk, the position in which this efi^ect takes place it 
not less than from 300 to 400 feet below the general level of 
the downs, so that in such districts the area of chalk country 
lying below the level of the gault is in extent quite insignificant, 
consisting of a few hundred yards in breadth on the outcrop 
side of the chalk summit, and of a few narrow valleys which run 
up from the tertiary surface into the chalk country. Through- 
out the greater part of the elevated ranges of chalk, these are 
the only portions which are irrigated by natural streams. The 
great mass of the chalk, composing both the north and south 
downs, in Surrey, Kent, and Sussex, is therefore quite dry, and 
it is found that borings in the higher part of the range have 
to pass through many hundred feet before a drop of water can 
be obtained. 

But in the less elevated districts of cnalk, as in the counties 
of Bucks, Herts, and Cambridge, the level of the gault is not 
remarkably below the general level of the chalk, which in this 
part of England is nowhere distinguished by the bold moun- 
tainous features which prevail in the south-eastern counties. The 
chalk of Hertfordshire, in particular, is traversed by numerous 
valleys which are watered by copious and constantly flowing 
streams; a peculiarity which no less than its main physical features 
distinguishes it in the eyes of the agriculturist from the dry and 
barren downs of the south. The valleys in which these streams 
flow are usually not much below the level at which the gault 
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crops out» but are probably points at which a line joiilng the 
outcrop of the gault and the permanent line of chalk drainage 
cuts the surface of the ground, as explained in the descriptioii 
of ^g, 10 ; on the north and west sides of London it appears 
to be the gault which keeps up the water, but in the south 
downs the same office is performed by the chalk marl. 

It is remarkable that the streams which rise in the chalk 
of Herts and Bucks, as the rivers Verulam, Colne, Gade, &c., 
together with those of the Chesham, Amersham, and High 
Wycombe valleys, all flow in the same direction as the dip 
of the chalk, whereas the small streams which rise in the 
Surrey and Sussex downs flow oflf the chalk and in a direc- 
tion contrary to its dip. 

It will appear obvious that borings, which penetrate the 
chalk of Hertfordshire to a very small depth, namely, to the 
level of the valleys in which streams already exist, will meet 
with water in abundance ; for in such borings the water mW 
evidently stand at the same level as that of the streams which 
now rise in the country. In the neighbourhood of Watford 
and Bushey main springs of a very copious character are met 
with on sinking a few feet below the surface ; and at higher 
levels the water is found, even before sinking to the level cf 
the main springs or point of saturation, because the water is 
intercepted in the course of flowing towards that level of 
saturation. In some works recently executed at Watford for 
supplying the town with water, under the direction of Mr. 
Pilbrow, C. E., a well of 9 feet diameter has been sunk about 
30 feet into the chalk, and a considerable pumping power was 
found necessary to keep down the main springs during the 
progress of the works. 

Stephenson's experimental well at Watford yielded 1,800,000 
gallons per day. And the excavation of the London and 
North- Western Railway at Cow Roost, which cut through the 
gault and thus gave a passage to the water from the chalk iu 
a north or north-west direction, had, during the execution of 
the work, a considerable stream flowing at the foot of the 
slope on each side of the cutting. These streams, which are 
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DOW arclied crer and condacted in culverts, are said to have 
yielded 1 million gallons per day. 
Streams and rivers in a chalk district are common! v more 

m 

equal and uniform in volume than those in clay districts, and 
are not so liable to be swollen by floods as the latter. It is 
in consequence of this, and of the more absorbent quality of 
the chalk, that the streams are comparatively much fewer 
m chalk districts. Not only are the streams much less in 
namber, but the bridges and culverts made to carry off water 
in the chalk districts, present a most insignificant area com- 
pared with those in clay districts of similar extent. This fact, 
which I believe was first noticed by the Dean of Westminster, 
was used with very good effect by Mr. Homersham in pre- 
paring a sort of popular comparison between districts of clay 
on the one hand, and chalk on the other. 

According to Mr. Homersham's measurements, it was found 
that the water-way of arches in clay districts varied from 8 to 
1 7 superficial feet for each square mile of drainage area, while in 
chalk districts the water-way varied from }rd of a foot to 2 
superficial feet per mile of drainage area. Mr. Homersham gives 
one example, namely, a part of the river Blackwater having a 
water-way at Coggeshall, in Essex, equal to 3 square feet 
per mile of drainage area. This, however, is not a fair 
sample of a clay drainage^ as this river flows over a consider- 
ahle extent of the crag formation, where it very thinly covers 
the chalk, and some part of its upper course is even through 
chalk. Mr. Homersham has similarly quoted against himself 
the water-way of several rivers whose course is partly in chalk 
and partly in clay. On a careful review of his table, the least 
water-way which I can find in a pure clay drainage is about 
8 feet per mile, ranging up to 13 and even 17 feet ; while the 
Heater- way in chalk districts varies from }rd to 1^ square feet, 
except in the case of the river Beane, the drainage area of which 
contains a large proportion of impermeable drift. In this 
case, the water-way haj; an area of 2 square ^eet per mile ol 
drainaere* 
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It 11 probable that the most copious single springs of the 
chalk do not yield more than from 3 to 500 cubic feet per 
minute, as will be seen more particularly from a table of these 
springs in the Appendix. At the same time, it is certain that 
streams flowing through chalk districts receive a gradual 
accession of water, which can only be due to invisible springs 
breaking out in the beds of the rivers, and therefore not 
capable of being seen or separately measured. The facts in 
the following statement of gaugings, relating to the river Lea, 
are on the authority of Mr. fieardmore, by whom they were 
supplied to Captain Vetch, and given in his evidence before 
the Board of Health in 1 850, and before Sir James Graham's 
Parliamentary Committee in 1851. 

Tables showing the increase of the river Lea from in- 
visible springs in the bed of the river. 

Cube feet per minute. 

Gauging at Field's Mill after deducting the proportion 
brought down by the Stort and the Ash . . 6,444 

Gauging at Ware Mill, 5^ miles above Field's Weir 
after deducting the quantity abstracted by the 
NewRiyer 5,344 

Increase from springs between Ware Mill and Field's 
Weir 1,100 

Again, the four rivers which meet at Hertford, namely, the . 
Lea, the Beane, the Rib, and the Mimram, were all gauged 
at points very little above the common meeting place, the 
most distant being the gauging of the Mimram at Pais- 
hanger, 2 miles above its junction with the Lea. 

Cubic feet. 
The gauging of the Lea, after receiving all the above 

streams below Ware Mill, is .... 6,594 

The separate gauging of the four streams • . .6,159 

Increase from springs principally between Panshanger 
and Ware Mill ..•••• 435 

The above gaugings, which, I presume, were all accurately 
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made without any interraption in point of timey show that 
between Panshanger and Field's Weir, a distance of about 
7^ miles, there is an increase of 1535 cubic feet per minute 
from invisible springs, in addition to from 3 to 500 feet, the 
volume of the Chadwell spring, which breaks out at a suffi- 
cient height above the river to be measured with accuracy. 

DISCHAROB OF CHALK STREAMS, 

Mr. Telford, in 1834, found the volume of the Verulam at 
Bashey Hall, a little above Watford, equal to 1800 cubic feet 
per minute, and that of the Gade equal to 2520 cubic feet. 

The volume of the Wandle, with a drainage area of 35 square 
miles, as stated in the evidence before the Parliamentary Com- 
mittee in 1852, was 2693 to 3000 cubic feet per minute; but 
this is the volume at Wandsworth near its junction with the 
Thames. 

Captsdn Vetch, who has investigated the subject of chalk 
rivers ^th some attention in reference to the supply of London, 
caused a contour line of levels to be traced at a height of 148 
feet above high water mark, and proposed to abstract the 
streams at this height, with a view of bringing them into 
London at a sufficient elevation to supply the high service. 

The following table gives the result of Captain Vetch's 
gauging of chalk streams at this level : — 

MUw in length cubic feet per 
**''";f«Sr'*'* minute.^ 

The Verulam 19 2080 

The Gade 14 2770 

The Chess 9 1390 

The river Darenth, near Shcreham, in- 
cluding the springs at Orpington • • • • 2080 

Mr. Beardmore has gauged with great care all the chalk 
streams uniting to form the Lea at Hertford^ and has added the 
drainage area of each as follows : — 
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of drainage. 



minnte. drainage. 



Lea proper tt Horris MiU . 2096 112 18-71 

The Beane at Molewood . 1483 83 1242 

The Rib at Ware Park . . 959 61 14 34 

The Mimram at Panshanger . 1532 29'3 52*39 

The following gauges are by others : — 

Lea at Lea Bridge . . . 8880 570 1558 

Wandle below Carshalton • 1800 41 439 

Verulam, Bashey Hall . . 1800 1208 149 

Gade, Hunton Bridge . . 2500 69*5 819 

There is something yery remarkable in the great discharges 
of the Mimram and the Wandle, which amount to three times as 
much per square mile as the other chalk rivers. This has not 
been satisfactorily explained, nor does it appear clear whether 
this disposition is due to the drainage areas of these streams 
being less absorbent and more covered with impermeable beds 
than usual, or whether it be due to faults or lines of disturb- 
ance traversing the chalk districts. The Wandle flows entirely 
through a clay country, and can only be called a chalk 
stream, in consequence of the supply which it receives from 
the chalk springs at Croydon, Beddington, and Carshalton. 

There seems to be evidence of a peculiar Une of disturbance 
throughout the whole chalk district between SafiFron Walden 
and Maidenhead. A line joining these two places will coincide 
with some very remarkable reaches of valley which he in this 
north-east and south-west direction. I may instance that 
part of the river Rib between Widford and Hertford, the pe- 
culiar course of the river Lea, between Hatfield and Ware, and 
the whole course of the river Colne from Hatfield to Watford, 
in which Captain Vetch states there are many swallow holes. 
This subject requires more minute investigation than it has yet 
received, and may possibly have something to do with holding 
up the water in the valley of the Mimram, and prodadng the 
extraordinary discharge at Panshanger. 
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Rgare 12, representing a section across the chalk escarp- 
ment as at Merstham, in Surrey, shows one set of conditions 
coonected with the chelk springs. Here a represents the 
chalk, b the chalk marl, which throws out powerful springs at 
Ljdden Spout, and many other places along the south-coast ; e 
is the npper green sand or firestone, d is the gantt clay, and the 
dotted Une ef shows the line of drainage or subterranean flow of 
the water, held ap by the chalk marl and saturating the lower 
beds of the chalk. In such a case as that represented by this 
diagram, no springs will be found at e, because the water will 
simply have its subterranean course in the direction of/. 
Springs will probably break out however at g, which represents 
a point where the water line cuts the surface of the ground, 
or, in other words, where the surface of the ground ia below 
the water line. Few great chalk basins have their edges or 
circumference entire, but are commonly interrupted and broken 
through by seas or great rivers, which drwn alike the waters 
on the surface and those which flow in subterranean sheets. 
It follows from this, that the line of saturation e/is not hori- 
zontal, «s in an ordinary basin, like that in which rests the 
sand of Hampstead Heath, but baa an inchnation towards the 
level at which it is drained into the sea. The inclination of 
this line has been carefully ascertained on the north side of 
LondOD by the Rev. Mr. Clutterbuck and others, who have 
determined, from observatiou of the wells, &c., and the heights 
&t which the water stands in these, that the mater level, as it 
has been Utterly improperly termed, or the line of saturation 
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has an inclination of about 1 in 400, or 13 feet per mile. 
In other parts of the chalk district, as shown in the pre- 
ceding pages, the inclination of this line is probably not 
less than 40 feet a mile. Referring again to the diagram, 
the point g marks the position of numerous places both 
in this country and in France, where the finest springs break 
out in great abundance. It is probable that the springs of 
Croydon and Carshalton, which feed the river Wandle on 
the south side of London, as well as those of Watford and 
other places on the north and west, have their origin under 
these circumstances. The towns of Guines and St. Omer, in 
the Pas de Calais, have springs of great power and abundance, 
rising in the same manner and under the same circumstances. 
In nearly all parts of this country the chalk presents a section 



of the kind shown in fig. 13, a being the short slope or es- 
carpment side, and h the long slope or direction in which the 
strata dip underneath, and the ground naturally inclines on 
the surface. A great number of towns, situate on the long 
slope of the chalk, derive an abundant supply of spring 
water, because they occupy the position represented by ^ in 
fig. 12. Amongst these in the London chalk basin may be 
mentioned St. Albaii*s, Hemel Hempstead, Ohesham, Wat- 
ford, Amersham, High Wycombe, and others north and west 
of London. In a similar position are Andover, Winchester, 
Croydon, and other places situate on the long slope of the 
north downs. In the chalk wolds of Lincolnshire we have 
Louth and Alford occupying a similar situation, and possess- 
ing similar copious springs ; while along the line of the soath 
downs we find Fareham, Emsworth, Lavant, Chichester, and 
other places equally remarkable for copious chalk springs. 
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Figs. 14 ftfld 15 tepreaent BoctionB acroBs a chaik escarp- 
msDt, iilustratint:; the mode in which springs ocoar oq 
the short or escarpment slope of the chalk. In fig. 14, the 
chalk marl is shown bent upwards at h, in such a manner that 
the water falling on and unking into the parous chalk a. will 
flow backwards and break out in tprings at e. In fig. 15, the 
chalk marl is faulted at h in such a manner that the water 
will be retained in the water-tight depression between e and 
h antil it accnmulatec and breaks out in springB at e, as before. 
Whererer springs break out under the chalk eacarpment, at 
the top of the chalk marl, aa at Lydden Spout, Chariton, and 
many other spot* along the line of the south downs, they are 
probi^'y caused by the configuration shown in one or other of 



; effect of a spring at e will be proUaced if we 
e the chalk marl to be simply compressed laterally, as 
shown in fig. 16. The ridge there shown at x, provided it be 
at a higher level than e, will produce a spring at e in the 
Ntme manner as the actual rupture of the strata exhibited in 
fig. 15. 



There is yet another class of springs in chalk districts, 
which it may be desirable to notice. These are the inter. 
raiLfeut oi varying springs, such aa the UaveDsboume and 
others of the Surrey downs. 
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This stream of the Bavenshonme breaks ont about six 
miles soath of Croydon, in the valley along which passes 
the high road from Croydon to East Grinstead. The point 
where it first appears is in a flat part just below Birchwood 
House. This point is situated between the Half Moon Inn 
at Caterham Bottom and the inner entrance to Harden Park. 
Its appearance at the source is indicated by a series of small 
jets, none of them more than a quarter of an inch in diame- 
ter, but so numerous that in the course of 20 yards the water 
from these jets is sufficient to form a stream ; and this in- 
creases in size till, at Caterham Bottom, it may almost be 
called a river. The point at which the stream first appears 
is about 850 feet above Trinity high water mark, and it falls 
towards Croydon at the rate of about 86 feet per mile. 

The Bourne broke out in the early part of 1887, and on 
the 16th February, 1840; on the latter occasion with onnsnal 
force, filling not only its usual channel in the Eiddlesdown 
valley, but overflowing the adjacent land for some distance 
It appears that in the neighbouring quarries south of the 
Bourne source, water mostly appears in the autumn pre 
viously to the eruption of the Bourne, so that from the state 
of their quarries the workmen confidently predict the flow 
ing of the Bourne. It is said the works on the Brighton 
Railway, especially the tunnel driven through the chalk at 
Merstham, four miles west of Caterham valley, were much 
retarded by water at the time the Bourne stream broke out 

Mr. Prestwich explains the phenomena of the Bourne, the 
Lavant in Hampshire, and other intermittent springs, by a sec- 
tion of the kind shown in fig. 16, in which the chalk marl is 
bent into an undulating form, having a saddle back at Xt and 
a depression between x and y. When the depression between 
X and y becomes filled up, the water wiH flow over the 
summit x and be discharged at «, which opening acts like 
the longer leg of a syphon. The discharge will continue 
the reservoir between x and y is exhausted, when the flow 
the spring wiU stop till the reservoir is again replenished. 
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In fig. 1 6, 5 represents the top of the chalk marl, and e/ 
the line of saturation, when the hasin hetween « and y is 
full, that is, when the spring is flowing. It will he ob- 
serred that, in order to produce a spring at S, the level of 
the ridge at x must be below the level of y, the outcrop 
of the chalk marl. If it were otherwise, namely, if y were 
the lowest, we should have a spring at y, as in fig. 14. A 
fracture of the strata, as shown in fig. 15, would produce 
the same effect of a spring at y, if the point * were higher than 
y, but not otherwise. 

It is probable that along the range of the chalk escarp- 
ment the various conditions, exhibited in figs. 11 to 16, 
are all to be met with at different points, as, for instance, in 
adjacent valleys, where thej influence the hydrographical phe- 
nomena each in its own peculiar mode. 

It is remarkable that nearly all the rivers which flow 
across the chalk district, whether they rise on the chalk 
itself, or whether they rise beyond and break through the 
escarpment, have their course in the same direction as the 
dip of the chalk beds. The only exceptions are to be found in 
some branches of the Cam, and other small streams in the 
north-eastern district. These, however, will be found to flow 
on a part of the chalk where the drift accumulations are very 
thick, and where the chalk is entirely obscured by these. 

The general course of the streams in chalk districts being 
in the same direction as the dip, has given rise to the ex- 

D 2 
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pression, that the subterranean flow of water follows the 
same direction as that of the surface. This is not true of 
all formations, however, the fact being frequently the re< 
rerse ; for instance, in the mountain limestone, the riven 
generally flow through great chasms in a direction opposite 
to the dip of the beds, which are commonly yery highly in- 
clined. In other words, the beds usually dip up stream instead 
of down. Magnificent examples of this are to be seen in 
the defile of the Avon below Bristol, and on a smaller scale, 
in the streams of the Gower district, beyond Swansea. I may 
mention a stream at Bishopton, in the tract of Gower, which 
rises in the coal measures, and, after flowing some miles in 
a winding course, comes suddenly up to a limestone district, 
in which the beds pitch as steeply as the roof of a house, 
and appear at some distance to oppose a solid barrier. On a 
nearer approach, however, a large cleft or chasm is visible 
through which the stream dashes with great rapidity. Thence 
it pursues its course through a deep hollow glen, all the 
way to the sea in a southeriy direction, the beds all the 
time dipping to the north. It is evident when rivers run in 
a direction opposite to that of the dip of inclined strata, that 
the subterranean flow of water must be in an exactly opposite 
direction to that of the surface flow. 

UNIVERSALITY OF THE CHALK FORKATfON. 

Viewed in relation to the entire surface of the earth it is held 
}iy geologists that the chalk has at least covered aH those parts 
lying within the extreme limits at which it now appears. 
In fact, we seem to have little more left either in this country 
or the Continent, than the broken irregular edges of great 
basins which were once continuous with each other. 

In France Ve have the edges of what has been called the 
Pyrenean Basin, the Mediterranean* Basin, and the Anglo* 
Parisian Basin. The chalk of England, from the coast of 

* Conrs Elementaire de Paleontolo^e et de Geologie Stratigraphiqo^ 
par M. Alcide D'Orbigny, tome 2, fasciculus 2nd, p. 571* 
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Docsetshire to the Httmber, with its oontinuation into Tdrk- 
shire» foims the north western extremity of the Anglo- Pari- 
sian basin, while the chalk hills of ihe north and south 
downs are merely ridges inside the basin, raised up by the 
elevatoiy movement which has brought up the Jurassic,* or 
neooomian strata of the Weald, within the area of the true 
chalk basin. 

Besides its immense development in France, Spain, and the 
Mediterranean, in the three great troughs or basins which have 
been mentioned, particular members of the cretaceous formation 
are found in many other parts of the world. They occur in 
Belgium, Holland, Prussia, Westphalia, Hanover, Saxony, 
Bohemia, Poland, Sweden ; also in MingreHa, Circassia, Geor- 
gia, the Caucasus, Bulgaria, Servia, Wallachia, Transyhania, 
Gallicia, Yolhynia, and Podolia. Immense surfaces of chalk 
extend across Russia from Poland to the Ural Mountains. 
In North America the chalk formation extends over 35^ of 
latitnde, from Texas to the eastern part of New Jersey. In 
South America the chalk has been observed in New Granada, 
in Peru, in Chili, and the Straits of Magellan. In Asia it 
exists in Pondicherry and in Java. 

In the western hemisphere, therefore, we find the chalk ex- 
isting in New Jersey at 35° of north latitude, and extending 
to the farthest extremity of South America, or 53° of south 
latitude. In Europe it extends still further to the north, or 
nearly as far as 56° of north latitude ; thus clearly showing, 
by remains which still exist, that this great formation has been at 
one time almost universal over the whole surface of the earth. 

* There is some difFerence of opinion among geologists as to whether 
the Weald clay and Hastings sand are to be considered as neocomian, and 
therefore part of the cretaceoos series, or whether they are to be ranked 
with the jiira«nc or oolitic seriet. 
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DSP08ITS ABOYK THE CHALK IN THS LONDON BAflN. 

These are, in ascending order, the lower tertiary clays, sands, 
and gravel beds, commonly called the plastic clay series, and next 
the thick mass of the London clay, above which are the sands of 
Bagshot and Hampstead Heath. The surface of the London 
clay and that of the lower tertiary beds, is frequently oyerlaid 
by a thick stratum of diluvial gravel, which will be noticed 
hereafter. 

The lower tertiary beds consist commonly of alternating 
series of sands, clays, and gravel, resting on the chalk all round 
the edges of the basin and passing beneath London with a 
thickness varying from 35 to 100 feet. In the western part 
of the basin, as about Reading and Uxbridge, this series of beds 
contains a large per centage of argillaceous matter, and is well 
entitled to the appellation of plastic clay. Beneath London, 
however, the mottled clays of the west are replaced in a great 
measure by sand and gravel beds, while at the eastern extre- 
mity of the basin, as about the Reculvers, nearly the whole 
mass consists of sands, which here assume such a considerable 
thickness that Mr. Prestwich proposes to confer upon them 
the distinguishing title of the " Thanet sands.'' Proceeding 
upwards from the chalk, Mr. Prestwich gives the following 
as an average section of the lowest tertiary beds beneath 
London :— 

20 to 50 feet of light-coloured siliceous sands, 

15 to 45 feet of sands, mottled clays, and pebble beds, very 

irregularly stratified, 
1 to 3 feet of sands, pebbles and shells, 

36 to 98 ; 
above this is the London clay. 

Mr. Prestvnch, who has taken immense pains to investigate 
the hydrographical conditions of the water-bearing strata 
around London,, proposes to divide the tertiary basin into four 
distinct parts, by means of two lines crossing each other nearly 
in the direction of the disturbing lines which have been 

eady mentioned as intersectin;? the chalk basin. One rj 
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these liues passes in a direction due north and south, a little on 
the east side of London, namelj, in the vallej of the Ravens- 
bourne and through Hoddesdon and Waltham Abbey, in the 
yallej of the Lea. The other passes in a true east and west 
direction immediately south of London, through Windsor, 
Brentford, and Woolwich, each line being continued to the out- 
side of the basin or into the sea. These lines intersecting 
each other at Lewisham, divide the tertiary area into four parts, 
which Mr. Prestwich distinguishes by their position as the 
North- West, the North-East, the South-West, and South- 
East divisions. At a great many points in each of these divi- 
sions, Mr. Prestwich has examined and measured sections of 
wells, pits, cliffs, &c., showing the thickness and composition 
of the various beds composing the lower tertiary series. From 
these data he has made very accurate estimates of the relative 
thickness of clays and sand in every part of the basin. The 
outcrop of the beds has also been investigated with much care, 
as well as the area or surface of country which they occupy. 
The following table contains a summary of the information 
which Mr. Prestwich has collected on these heads : — 



DrvisioMs. 

North- Western or Watford* Division . 
NoTth-Eastern or Chelmsford* Division 
South-Western or Epsom* Division . 
South-Eastem or Rochester* Division . 


Total extent of 
tertiary area. 


Lower Tertiary StraU. 


Extent of 
area. 


Length of 
outcrop. 


Thickness of 
permeable 
portions. 


Square 

Miles. 

345 

1524 

741 

1524 


Square 
MUes. 

50 
64 
45 

64 


MUes. 

60 

95 

130 

95 


Feet. 

15 
36 
22 
36 


4134 


223 


380 



From this table it will be seen that although 4134 square 

* These names of towns, situated nearly in the centre of each division, 
are merely added to aid the memory in identifying, without the aid of a 
map, the different divisions here indicated. 
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miles of country in the London chalk basin are covered with 
tertiary strata, yet only 223 square mUes consist of lower beds 
partially permeable by water. Mr. Prestwich is of opiDion 
that the two great lines of disturbance which have been men- 
tioned, prevent the free communication of water between one 
part of the district and another, so that wells sunk in one di- 
vision will not draw the water from the other. Taking then 
the area of lower tertiary strata in any one district, we have still 
to consider that only a certain part of this consists of sand, and 
that a large mass of it in every part of the outcrop is composed 
of clay. The surface also, even where the beds outcropping 
consist of sand, is frequently covered with argillaceous drift 
deposits, which impede and often altogether prevent the infiltra- , 
tion of water. It is probable, also, that the sands, even when i 
they crop out at the surface, may pass into clays, and thin ' 
out into lenticular masses, through which water will permeate 
with great difficulty. Mr. Prestwich points out several other 
disturbing causes which will interfere with the flow of water 
through these beds ; and on the whole it appears, looking at 
their small area as compared with the immense surface occu- 
pied by the chalk, that these sands present much less prospect 
of affording a large supply of water. 

At the same time, owing to the considerable elevation at 
which the sands crop out, especially on the northern side of 
the basin, it is found on sinking wells into them through the 
London clay, that the water bursts up with considerable force, 
and rises to a considerable height in the well. The bottom or 
basement of the London clay is frequently indicated by a hard 
pebble bed, sometimes only a few inches and sometimes several 
feet in thickness. In places where this bed is argillaceous and 
serves to keep down the water, it frequently bursts np with 
violence when the boring tools first penetrate through it. This 
is also the case in passing through the beds of tabular septaria, 
which are commonly found in the lower part of the London 
clay. The same thing has been observed by borers in passing 
through the bed of green coated flints which usually separates 
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the chalk from tfae teitisrj beds ; and, again, a shnilar npwnd 
rush of water is met with in breaking through the tabolar 
masses of flint which occur in the upper white chalk. 

The springs which break out from the chalk at Chadwell, 
Watford, Croydon, and other places, owing to the overflow of 
tbe line of saturation hare been described at page 48. Tlie 
tertiary sands when denuded of the London clay, yield spring?^ 
of a similar description due to the same cause, namely th 
level of the ground at certain points being below the general 
line of saturation. The springs on the south side of Peckham 
Kje Common, and others which feed the Peckham branch of 
the Grand Surrey Canal, are due to this cause ; and many 
similar springs are to be met with in various parts of the ter- 
tiary area. The springs which break out at the foot of the 
sand hiHs between Greenwich and Woolwich, and flow across 
the marshes to the river Thames, are probably caused by the 
argillaceous loamy alluvium of the marshes, abutting against 
the sand and keeping up the water till it breaks out and flows 
through the marsh ditches. 

The river Thames has probably at one time flowed at the 
very base of these sand hills, but in process of time has altered 
its course and filled up the marshes with alluvial detritus. 
The water from the saod having now to find its way across 
these marshes appears in the form of springs, whereas formerly 
the river probably drained the sand directly and immediately 
without the action of water-courses and springs at their heads. 
All rivers naturally drain the lands through which they pass, 
whether these lands consist of the older stratified rocks or of 
mere drift deposits. When excavations are made near the mar- 
gin of a river flowing in diluvium, it is sometimes difficult to 
sav whether the water which accumulates is derived from the 
river or is due to its percolation through the drift in its passage 
towards the river. The latter origm is the most probable, as 
the water is generally fdund in the excavation at a higher level 
than the water in the river. This has often been observed in 
unking the foundations for bridge abutments, in constructing 

D 5 
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■abtiding reteiroirt, filter beds, &c.j for water- works and other 
purposes by the sides of rivers. 

EXTENT or THE TERTIARY SANDS IN THE LONDOIT 

BASIN, 

Thej may be traced from the Suffolk coast, near Aldborongb, 
extending in a narrow band seldom more than a mile in width, 
bj Woodbridge, Ipswich, Hadleigh, Sudbury, Great Teldham, 
Bishop Stortford, Hertford, Hoddesdon, Hatfield, Watford, 
Uxbridge, Windsor, Reading, and Newbury, nearly to Hunger- 
ford. This is the western extremity of the tertiary basin, the 
boundary of which then takes an easterly direction, passing bj 
Kingsclere, Odiham, Famham, Guildford, Epsom, and Croy- 
don, into the yalley of the Thames, which it occupies for 
a considerable breadth all the way to the sea, extending also 
under the Isle of Sheppy, by Rochester, Fayersham, and Can- 
terbury, to the sea between Ramsgate and Deal. The length 
of the outcrop, according to Mr. Prestwich, being 380 miles, 
and the area 223 miles — this gives an average breadth to the 
lower tertiary strata of less than two-thirds of a mile. Where 
the outcrop is intersected by valleys, however, the London clay 
is denuded and a greater breadth of the lower tcrtiaries exposed, 
as in the valley of the Lea between Hertford and Hoddesdon, 
in the neighbourhood of Watford, and other parts of the out- 
crop. Also in the valleys of the Thames and the Medway 
extensive denudation, combined with faults, has exposed a con- 
siderable breadth of lower tertiary sands. For instance, they 
extend almost uninterruptedly from Stratford to Croydon, occu- 
pying here a breadth of nearly 1 5 miles, broken only by a few 
high points, capped with London clay. Eastward of this line 
they somewhat diminish, but the zone continues to be several 
miles in breadth all the way to the German Ocean. 

Mr. Prestwich states, that large supplies of water are derived 
from the tertiary sands throughout a district westward 
of the meridian of Greenwich, which is bounded on the 
north by Hertford and Watford, on the west by Uxbridge^ 
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and the south by Croydon. He computes that, in the vallej 
of the Wandle, there are about 15 to 20 artesian wells, deriving 
a daily supply of from 800,000 to 1,200,000 gallons of water 
from the tertiary sands, and in the yalley of the Lea from 20 
to 30 such wells, deriving a supply of 120,000 to 200,000 
gallons a day. The quantity yielded by single wells from these 
sands, would be utterly insignificant for purposes of public 
supply, except for yery small towns. There are few instances 
of single wells which derive a water supply of more than 100,000 
gallons a day from these sands.* It has been asserted, how- 
ever, that many of the London wells which are sunk or bored into 
the chalk, really derive their supply from the tertiary sands ; 
and certainly the remarkable difference between the chalk water 
of the London wells and that of chalk water, for instance, from 
Watford or Ware, lends some countenance to the supposition. 
Most of the water from the London chalk wells yield carbo- 
nate of soda and magnesia, and 4. comparatively small quantity 
of carbonate of lime, while, on the other hand, the water from 
Ware and Watford has a large proportion of carbonate of lime, 
and seldom any of the other carbonates. Again, the sulphates 
of soda and potash abound in the London well waters, but are 
absent from the pure chalk water. The chloride of sodium is 
also found extensively in the London well water, but is almost 
wanting in pure chalk water. See a valuable collection of ana- 
lyses of river and well waters, published by Mr. Prestwich, 

THE LONDON CLAY. 

The London clay itself is, from its nature, destitute of water, 
although there are numerous wells in and about the metro- 
polis deriving their supply from the drift gravel which covers 
it. Wells are exceedingly common all over England in drift 

* Mr. Swindell states the yield of the well at Han well Lunatic Asylum, 
which terminates in the tertiary sands, at 100 gallons per minute, which 
is equal to 144,000 gallons in 24 hours. The first 30 feet of this well are 
10 feet diameter the rest of it 6 feet. 
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gravel, especiallj wliere the gravel rests on an irregukr sur&oe 
of London clay, or on the marlj clajsof the new red sandstone 
formation. It is probable the water lies in hollows and traaghs 
in the surface of the day, and is frequently found at shallow 
depths beneath the surface. The water never overflows in 
such wells, and never spouts up as in an artesian boring. Its 
level is, however, affected by the dryness of the season, and it 
frequently happens that the highest wells in such districts 
become dried up, while those sunk deeper, or at lower levels, 
continue to yield a supply. 

The drift gravel is exceedingly variable in thickness, and 
wells sunk into it commonly range from 10 to 50 feet in 
depth.* It is quite unfit for yielding large supplies for the 
use of towns, although in all parts of the country there are 
numerous private wells drawing a supply from drift gravel. 

This is the case not only with such towns as Southampton, 
Portsnwuih, and others on tertiary formations, but also with 
towns such as Leicester, situate on the clays or marls of the 
new red sandstone. Where drift gravel is overlaid by an 
argillaceous deposit, as in some parts of Essex, and wells 
are sunk at points lower than the outcrop of the gravel, the 
water will sometimes rise, as in artesian wells, and may he 
successfully obtained by means of a simple boring. It is fai 
more common, however, to find the drift gravel merely form- 
ing the surface and not overlaid by any deposit sufficiently 
thick or impervious to keep down the water. In all such 
cases it is obvious the water in the gravel merely rests on 
the clay beneath at its lowest level, and can only be obtained 
by sinking wells into which the water will filter, but will not 

* The expresaion "land aprings/' which is very commoH with the 
London well sinkers and borers, is applied to the shallow surface springs 
rising in the drift, either from the alternation of clay with the more 
porous gravel beds, or from the water held in the irregular hollows 
of the London day beneath. Mr. Tabberner (quoted by Mr. Prestwicb 
from the Daily New9, 13 March, 1850) estimates the yield of the Londoi 
drift wells at an aggregate daily quantity of about 3,000,000 gallons. 
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fise above the ordinary level of the water in its subterranean 
basin. From these wells the water mast be pumped to the 
surface, and any attempt to procure water bj simple artesian 
bores will of course be fruitless. Although, in London, and 
many other towns, the drift g;ravel formerly suppUed 
numerous wells, it is found that the construction of sewers 
gradually drains these wells, rendering it necessary in some 
instances to sink them deeper, and in others entirely ab- 
stracting the supply and drying up the wells. Besides this, 
the burial-yards found in all large towns, and the innu- 
merable impurities arismg from gas-works and offensive 
manufactures being poured into the sewers, have in time so 
saturated the soil as to poison the water of all such wells and 
render it wholly unfit for use. 

THE BAGSHOT SAND. 

We shall see in a future page, that at a certain period in 
the history of London the springs breaking out from below the 
sands of Hampstead Heath were looked on with much satisfac- 
tion as a new source of supply of great value and importance. 
The whole cap of sand on these hills, however, does not 
probably ^Eceed one square mile on which the whole rainfall, 
even if we conceive it all to be absorbed into the soil, does 
not amount to a million gallons per day, so that if all the 
springs on every side of Hampstead Hill were collected they 
would fall somewhat short of this amount^ or less than -^th of 
the whole supply required for the metropolis. With respect 
to all the springs on the west side of Hampstead, they would 
scarcely be worth the expense of the works necessary to col- 
lect and convey them ; and, in point of fact, the water actually 
collected in the intercepting ponds of the Hampstead works 
may be considered as comprising all that can be collected 
with advantage. This quantity does not probably amount to 
more than about 200,000 gallons per day, a quantity perfectly 
insignificant in comparison with that required for the supply 
of London « 
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THB BAaSHOT 8ANDB OF BUBBET AND HAMPSHIBE. 

These Bands extend almost continnoasly from Esher to 
Strathfieldsaye, with an extreme breadth from the north side 
of Virginia Water to the neighbourhood of Famham. Es- 
timated roughly, the length of the district may be taken at 
80 miles, by an average breadth of 10 or 12 miles. The 
Bagshot sand is capable of three subdiyisions. The first or 
appermost is pure siliceous sand varying from 200 to 800 feet 
in thickness, and covering an area of 80 to 100 square miles. 
The upper sand attains its greatest thickness'*' in the north 
and east pait about Bagshot Heath, Chobham Ridges, 
Bomping Downs, Finchhampstead Bidges, and Hariford 
Bridge Flats. This is the upper Bagshot sand of geologists. 

The middle division consists of a retentive stratum of 
white or pale yellow clay or marl, from 15 to 80 feet in 
thickness. These clays are extensively used for making bricks. 

This middle division forms the Braokesham beds, or 
middle Bagshot of geologists. 

Below this middle division is a lower series of light coloured 
sands, which like the upper beds consist of nearly pure sili- 
ceous matter. These are the lower Bagshot sands of geologists. 

Professor Bamsay, in his letter to the Board of Health, 
points out that a covering of gravel, varying in thickness 
fr'om a few inches to 20 or 80 feet, frequently obscures the 
surface of the sands; but, notwithstanding this, both the 
upper and lower sands admit very freely the percolation of 
water, so that little passes off by evaporation, and nearly the 
whole rainfall is absorbed. Many of the small streams rising 
from Bagshot and the neighbouring heaths, break out at the top 
of the middle or argillaceous portion, while the water falling 
on the lower sands is absorbed by them, and does not appear 
at the surface till thrown out by the underlying London clay. 

* Keport by Eobert Austen, Esq., F.G.S., of Chilworth Manor, near 
Guildford to the Commissioners of the General Board of Health. 
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PBOPOSED GATHEBINa GBOUND ON THE BAGSHOT BANDS. 

Abont twenty years ago the Bagshot sands were proposed 
by the General Board of Health as an inunense gathering 
gronnd for procoring the greater portion of the supply 
required for the metropolis. The project is first dimly 
shadowed forth in the Report on Snpply of Water to the 
Metropolis, dated 28th May, 1850« and presented to both 
Houses of Parliament. The Report says, " The portion of 
this district (the Bagshot sands) to which oar attention has 
been more immediately directed comprises an area of less 
than 100 square miles, lying east and west of a line from 
Bagshot to Famham. The remaining district, which we 
have had under consideration, although of the same bleak 
and barren character, is of a different geological construction, 
consisting of the upper and lower green sands, and gault of 
the green sand formation, and constitutes the uncultivated 
sand districts draining into the east and west tributaries of 
the river Wey, situated south of the chalk ridge in the midst 
of which the town . of Guildford stands." The report con- 
tains no details of the project — ^no statement of the mode 
to be practised for collecting the water, the levels at which 
it is to be conveyed and stored for distribution, nor, in iact, 
any of that kind of information which first occurs to an 
engineer as most essential in an inquiry of this nature. 

After stating, however, as the result of numerous inquiries 
and investigations, that the daily supply required for the me- 
tropolis was 40 million gallons,* they set forth the following 
estimate of the yield of their gathering grounds from gaugings 
taken at the end of nearly six weeks of dry weather : — 

* This qtiantity is already &r below that supplied at the present 
moment by the existing Companies. In fact, the returns of 1853, only 
thiee years after the date of this report, show a much larger quantity 
than 40,000,000, and the supply now in April, 1870, actually exceeds 
100,000,000 gallons a day, or 2^ times the amount in 1860. 



6i OATHEBING GROUND 

Gallon* 

Fkom surface gathering grounds of sand, comprising speci- P«r ^^y- 
mens averaging from ^ to 1 degree of hardness, and 
equal in quality to the water delivered at Famham, from 
which district, and from streams derived from similar 
grounds, the average hardness may he estimated as 
under 3 degrees 28,000,000 

From certain tributaries to the river Wey, containing 
some water from the chalk, but of a general quality of 
hardness, i the average of the present supply of the 
Metropolis 60,000,000 

From other tributaries to the Wey, of a harder quality^ 
but only one-half the hardness of the present supply to 
the Metropolis 90,090,000 



In the appendix to this report the Board of Health pub- 
lishes an immense mass of medical evidence, the general 
effect of which is to show that the water from the gathering 
grounds is of very superior quality as to softness. Neither 
in the report nor in the evidence is to be found one word 
or one fact, as far as I am aware, in support of the above 
estimated yield of the gathering grounds. 

The only other extract which I shall make from the report 
at present, is the following estimate of the gross estimated 
cost of this magnificent project, which I presume, from the 
wording of the estimate, and its including street and branch 
mains, services, &c., was intended entirely to supersede and 
replace all the works of the eight existing companies, and 
render all their plant and apparatus of every kind entirely 
unnecessary. Here then is the estimate in the very words of 
the report : — 

'' Storage reservoirs, and intercepting culverts on gathering 
ground; covered aqueduct th«nc6 to service reservoirs; 
covered service reservoirs and filter beds ; principal mains from 
reservoirs, street, and branch mains, and services, &c., &c., 
over the whole district, including land for works and compen- 
sation, ^1,432,000." 

The estimate has one other item, namely, ^710,000 fot 
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sewerage, to be carried oat in connection with the water 
supply. With this we have nothing to do at present. 

It appears that the idea of collecting water extensively 
from the Bagshot sands, originated in the observation of some 
small works which had been executed at Famham. This town 
is situated on the southern escarpment of the north downs, 
at a part where the chalk is extremely narrow, not more 
than half a mile in width, and immediately north of Famham 
is the ridge of Tucksbury Hill, about four miles in length, and 
about one mile in breadth. This clay ridge is capped with 
Bagshot sand, a portion of which had been drained, and the 
water received into a shallow circular well about three feet below 
the surface, from which it flowed into the main supplying the 
town of Famham with water. The population of Famham 
being about 7000 persons, it is probable that at the very 
utmost the supply from this source did not exceed 100,000 
gallons a day. This experiment, however, in which this com- 
paratively small quantity of water was procured by means of 
tile drainage, seems actually to have given rise to the gigantic 
scheme of the Board of Health for supplying more than 50 
millions of gallons a day to the inhabitants of London. 

Let us now turn to the chemical evidence to see how the 
statements made in the report as to the quality of the water 
are supported. The evidence of Dr. Angus Smith contains 
the first experiments on the hardness of the water ; and he 
appears to have tried 23 specimens of water from the Bag- 
shot sands or district north of the Hog's Back, and 16 spe- 
cimens of the lower green sand water from the district of 
Leith Hill, Hind Head, &c., south of the Hog's Back. The 
lowest degree of hardness which he found in any of the Bag« 
shot waters appears to be thatof 1° inthewaterof Aldershot 
Heath, while the hardness of the rest of the Bagshot sand water 
ranged from l** ipwards to 7*8. Is it on the evidence then, 
of Dr. Smith that the Board of Health ventured to put forth 
the statement, that they could procure from the Bagshot sands 
28 milhon gallons of water daily, of a quality varying ^oiw 
me- third to one degree if* hardness? Of the 23 specimens 
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«f Bagsbot sand water analysed by Dr. Angus Smith, the 
average hardness is actually 4^. 

Of the 16 specimens of lower green sand water;, Br. Smith 
finds the hardness vary from 4*75 to 14*6, the average being 
7' 9 degrees, yet this is the water of which the Board states 
the possibility of procuring 60 million gallons a day, of hard- 
ness equal to one- third of the average of the present supply 
to the metropolis. It must be observed, that the report of 
the Board of Health, and the evidence of Dr. Angus Smith 
were presented to Parliament at the same time, namely in 
1850, so that the one must be taken to be founded on the 
other. It is true the Board afterwards published a report 
by the Hon. William Napier, containing statements entirely 
at variance with those of Dr. Angus Smith, but inasmuch 
as Mr. Napier's report is only dated January 1851, whereas 
the report of the Board bears date May 1850, it is obvious 
none of the statements by the Board could have been founded 
on Mr. Napier^s report. 

With respect to the other chemical evidence published by the 
Board as an appendix to their report, we find Professor Way 
saying that he analysed " Some water from a small well near 
its source, through which the water flows on its way to the 
town. The proportion of lime I found to be .1 68 grains in a 
gallon, which is equivalent to exactly y^th of a grain of carbo- 
nate of lime in the gallon, or -^^^th of a degree of hardness of 
Dr. Clarke's test." 

Perhaps it was on this examination of a little pool of rain* 
water by Professor Way that the Board hazarded the magni- 
ficent assertion, which has been before quoted, that 28 million 
gallons a day, varying from^ to 1 degree in hardness, could, 
be procured from the Bagshot sands. 

I can find no analysis of the Bagshot waters by any of the. 
other eminent chemists who were examined by the Board of * 
Health. Among the witnesses so examined are Dr. Sutherland, ^ 
Mr. Holland, Dr. Hassall, Dr. Gavin, Dr. Lyon Playfair, Mr. 
Spencer, Professor Clark, Mr. J. T. Cooper, Professor Hoff-, ' 
man, and Mr. R. Phillips, all exceedingly able as analytical ^ 



OF THB BAGSHOT SANDS* 



67 



ehemiatSy and not one of these has giyen anj bat the moat 
vague and general statements as to the Bagshot waters. 

The Board probably felt on calmly reviewing their report 
of I850» and the evidence by which it was acoompanied« that 
there was an immense hiatus to be filled up in some way or 
other, and they accordingly deputed the Honourable William 
Napier to make a most comprehensive examination of the 
whole subject, namely to examine the whole of the drainage 
grounds both north and south of the Hog*s Back, and to re- 
port fully both on the quantity to be collected, its quality, and 
the mode of conduction and delivery, and further, on the esti- 
mate of the whole works. 

This gentleman, who appears to have been thus invested with 
the combined offices of engineer and chemist to the Board, * 
tirst publishes a table of the yield of all the springs and rivu- 
lets occurring in an enormous district of about 400 square 
miles, in which he shows a total daily discharge of more than 
39 million gallons. The Bagshot sand district, over which 
his investigations extended, appears to range from Pirbright 
and Chobham as far as Eversley and Bramshill, ten miles 
beyond Bagshot, and nearly as far west as Strathfieldsaye, 
while he also takes in an enormous tract of country called 
Easthampstead Plain and Bagshot Heath, on the north side of 
Bagshot. This it will be observed is materially extending the 
district which had been contemplated by the Board before 
making the report of 1850. This report (page 100) says, 
"the portion of this district to which our attention has been 
more imnaediately directed, comprises an area of less than 1 00 
square miles, lying east and west of a hne from Bagshot and 
Famham/' Now the distance from Bagshot to Farnham is 
about 1 1 miles in a straight line, so that the Board probably 
contemplated the drainage of a district about 4-^ miles wide 
on each side of this straight line. It therefore excites some 
surprise to find Mr. Napier wandering to Eversley and Bram- 
shot 10 miles west of Bagshot, and ranging over Easthamp- 
itead Plain which lies north of Bagshot. But let us see th^ 
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quantitj of water which he obtaine in his 200 n^ of 
Bagshot aaod area. 

Gala, per day. 

From Chobhtm ridges^ the district east of Bagshot, in- 
eluding Pirbrigbt, and probably also Aldershot Heath, 
where Dr, Angus Smith's single specimen of 1° hard- 
ness WM obtained, be finds the gaugings amount to . 3,020,086 

From Easthampstead Plain and the district north of 

Bagshot 1,509,348 

From the district west of Bagshot and Farnham, ex- 
tending to Bramshill and Eversley, be obtains . • 7,712,090 



Total from 200 square miles of Bagshot sands . 12,241,524 

This last quantity of more than 7, 000,000 contains 6,426,000 
gallons from one stream called North Fleet, which from its 
situation on the Ordnance Map appears to be considerably 
outside the limits of the 100 miles described in the report of 
the Board, so that the whole quantity of water gauged by Mr. 
Napier in this 100 miles, clearly does not exceed 6,000,000 
gallons. It will be remembered that the quantity estimated 
by the Board from this area is 28,000,000— tmly a singular 
coincidence and one which entitles the statements of the Board 
and their calculations to the confidence of the country ! 

Mr. Napier, then, having obtained only a little more than 
12,000,000 gallons &om the whole Bagshot sand diBtriet, 
which Mr. Austin describes as having an area of 800 miles, 
derives all the rest of his 39,000,000 from the green sand 
districts of Hind Head, Blackdown, Leith Hill, &e. The 
quantity of 27,000,000, said to be derived &om about 200 
square nules of green S£Uid country, need not excite much 
astonishment as the honourable gentleman seems not to have 
been content with gauging springs~and rivulets, but appears 
to have taken in whole rivers without any regard to the levels 
at which they were flowing, or the possibility of conveying 
them to the top of Wimbledon Common without an enormous 
pumping power. For instance, among the sprifigs and rivukts 
flowing from Hind Head and Blackdown, he flnds one wbich 
is pithily called Bramshot, yielding no less than ld,899,7H 
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gallons a day, or nearlj equal to the whole volume brought in 
by the new river. It would be amusing, though perhaps not 
very instructive, if the Honourable William Napier were to 
publish the details of these gaugings, and enlighten the public 
as to the mode in which they were taken. 

So much for quantity ; now for quality — bearing in mind, 
or referring to what Dr. Angus Smith has proved as to the 
hardness of these waters, one is fairly surprised to find that 
Mr. Napier states the whole of the Bagshot sand watei, 
without the slightest exception or variation, at one degree of 
hardness. Yes, opposite to every spring and rivulet, every 
sil?er thread which this gentleman has visited stands the 
figure 1, in the column for hardness. Nearly the same uni- 
formity prevails in the green sand waters, these being all 
either one or two degrees with the exception of Bramshot, 
which, being rather a large quantity, we may suppose has been 
examined with unusual care, and is accordingly marked one- 
and-a-half. In order to show the extreme patience and care 
with which Mr. Napier has investigated the tough subject 
of hardness, the following remarks are quoted from his 
table, as further exj^aaatory of the degrees of hardness 
marked in the proper column. For instance, with respect 
to Holywater Spring, which is described as two degrees, the 
remark says, " will be led away at one degree of hardness." 
Bramshot water, marked one-and-a-half degree, "will pro- 
bably be led away at half a degree of hardness." All the 
water of Haseombe Hills, marked one and two degrees, " will 
be taken away at half a degree of hardness." And again, 
the water of Leith HiUs, marked two degrees, " will be led 
away at one degree of hardness." Mr. Napier's boldness is 
not exkaasted by even all these grave remarks. He "can 
answer for at least ten millions more under two degrees of 
hardness." I am at a loss to understand the meanii^ of 
the followmg remark in a report sueh as this profes»«s to be, 
" though these gaugings are (mly offered as an appn^idmationi 
I consider they will eventually prove to be rather under than 
overstated." 
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Mr. Napier himself seems to have stood soroewbat aghast 
at the difference between himself, and the only analytical 
chemist who examined these waters as to their bardDess. 
Whether the following extract gives any very satisfactory ex- 
planation of the difference, I mil not pretend to say : — 

*' Thus by gauging and testing the streams at their sources, 
instead of in their course and outfalls, we have the realiza- 
tion of the principle laid down by the Board ; and this differ- 
ence will go far to account for the variance of my results with 
those of Dr. Angus Smith." 

As to the mode of executing the works, the informatioD 
is very scanty. We are not told whether there are to he 
any collecting or impounding reservoirs, and not a word has 
been said about filtration, although it appears that many 
thousand acres of the gathering grounds consist of peat and 
moorland, the solutions of which would require the water to 
be filtered. We are told in a very off-hand sort of way that 
the water south of the Hog*s Back is to be conveyed through 
the chalk ridge at Guildford ; and that the water from the 
sands is to be brought in, in the direction of Woking. Not 
one word of information is given about levels. The riyer 
Wey at St. Catherine's lock, immediately south of Guildford, 
is only 92 feet above Trinity high water mark, and as the 
Guildford pass is to be used for the main aqueduct, and a 
great deal of the county north of Guildford is falling even 
below this level, it is probable the main aqueduct would 
not be higher than 100 feet above Trinity high water mark 
at Guildford. Allow only a loss of 5 feet per mile for fric- 
tion, which would require an enormous main to carry snch 
a volume of water, and we have 120 feet absorbed by fric- 
tion in the 24 miles between Guildford and Wimbledon. This 
would destroy the whole effect of the presumed altitude at 
Guildford, and render the expense of pumping not one 
farthing less than that incurred by the Companies who now 
take the water from the Thames. 

Mr. Napier's estimate, like his gathering ground, is 8ome« 
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what difiTerent from that of the Board (less than half) Hore 
it is in his own words : — 

Collection £40,000 

Conduction to service reservoir on Wimbledon Com- 
mon in a double brick culvert, twenty-four miles at 
iB7000 • . 168,000 

Covered service reservoir to contain four days' supply at 
50 million gallons per day • . . • • 80,000 

Estimate of expense of mains to connect the reservoir 
with the present street pipeage. .... 200,000 

Probable amount of compensation for miUowners, irri- 
gation, &c 100,000 

588,000 
10 per cent, for contingencies • • • • 58,800 

Total X646,800 



Any comment on snch an extraordinary document will surely 
be unnecessary. 

CONFIRMATIONS OF MR. NAPIEr's 6AT7GIN6S. 

IV^. Napier's report and the statements it contained pro- 
bably astonished the Board of Health, nearly as much as 
they have subsequently astonished most other persons who 
have had patience to read them. We find, accordingly, Mr. 
Rammell and Mr. Quick sent down to test the gaugings in 
October and November, 1850. Both these gentlemen far 
out-Napier Napier I Mr. Bammell hands in his gaugings, 
amounting to 51 million gallons, or 12 millions more than 
Mr. Napier, and accompanies the statement by some very 
flowery observations on the surpassing qualities of the water. 
He glances at the geology of the district, the 300 or 400 
miles of dramage ground, and reveals in a very nmve and 
arousing style his method of gauging, which, however, I have 
not time to notice at present. Mr. Quick modestly contents 
himself with producing his naked statement of gaugings, 
irhich amounts far heyond either of th^ others, namely, to 
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62 million gallons a day, and this, too, from only 15 streams 
whereas it appears Mr. Napier gauged no less than 45 or 
liiree times as many. Well may the Board have heen alarmed 
at the gradual increase announced hy each successive inves- 
tigator, — who shall pretend to say to what amount the 
gaugings might have increased had they continued to send 
one person after another in this way ? 

The gauging mania then seems to have slumbered for more 
than a year, when we again find Mr. Ranger gauging the 
streams from the 1st to the 10th of August, 1852, when he 
makes the volume about 4 million gallons a day less than Mr. 
Napier had made in the middle of summer. 

About this time, Mr. Bateman seems to have been directed 
to examine the district and report on the subject, as I find 
his report to Lord Shaftesbury, dated 27th January, 1852, 
printed among the papers laid before ParUament by the Board 
of Health. 

This report by Mr. Bateman seems effectually to have 
settled the question, and to have been the last act in this 
amusing farce. We have here the first traces of sound en- 
gineering judgment applied to the scheme. Mr. Bateman 
appears to 4tate fairly enough the capabilities of the district, 
and the practicability of the scheme, always provided the 
money can be found. He is apparently not siartled by the 
enormous sum at which he finds it necessary to estimate the 
cost, but coolly leaves it to the judgment and sense of the 
Board, whether they can find it practicable to bring forward 
such a scheme. 

Mr. Bateman' s gaugings are worthy of attention. The 
general result is, that he found 33,238,093 gallons per day 
against 39,407,324 by Mr. Napier, against 51,375,000 by 
Mr. Rammell, and against 62 millions by Mr. Quick. Mr. 
Bateman thus comments on these discrepancies. " Allowing 
for several evident errors in Mr. Napier's results, arising from 
the streams having been gauged by him below milU which tneri 
working at the time, and using water which had been ftt* 
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musly 9toredy Mr. Foster's* measurements rather exceed 
those of Mr. Napier. Mr. Bammell's gaugings are generally 
coQsiderablj higher, but he has also been led into some errors 
by gauging below mills, and has, probably^ not made suffi- 
cient allowance for the loss of Telocity by the friction of the 
water on the bottom and sides of the channels in which he 
measured the streams/' Mr. Bateman does not notice the 
gaugings of Mr. Quick or Mr. Banger, as he was probably not 
in possession of these. 

As well as I can understand Mr. Bateman' s gaugings he 
appears to give about 8,000,000 gallons a day from the 20G 
square miles of Bagshot sands, and nine-tenths of this quan- 
tity he describes as having a hardness of 2\ to 3 degrees. Of 
pare green sand water he gives upwards of 33,000,000 gallons 
deri?ed from Hind Head, Hascombe, Hambleden, and Leith 
Hills, with an average hardness of 2\ degrees. He also finds the 
Farnham branch of the river Wey, which is probably chalk 
water, yielding XOfiQQfiOO^iiXioik&yWithahardnessoflAdeffreef. 
Mr. Bateman appears to think highly of the lower green sands 
as a gathering ground, but evidently is not much captivated 
with the prospects of collection from the Bagshot sands. He 
says, *' the waters from Bagshot Heath, and those flowing from 
the sands and gravels north of Farnham, into the rivers White- 
water and Blackwater, form together not less than 6,000,000 
or 7>000,000 gallons per day pf excellent water; hut they are 
distant, and could not easily be combined with a scheme for 
hringing the water of the green sands south of Guildford. I 
should prefer omitting both the Bagshot waters and the Farn- 
ham branch of the Wey, and consider the scheme as affording 
a daily supply of 39,000,000 or 40,000,000 gallons of pure 
soft water under three degrees of hardness." 

This is very quietly and softly extinguishing the scheme of 

the Board of Health with reference to the Bagshot sands, and 

wttinaj up in its place the conveyance of water from the green 

«and hills. This then is purely «od exclusively Mr. Bateman's 

* Mr. Foster is an assistant who ganged for Mr. Bateman. 
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•eheme, tnd in this phapo it ifl intelligible. He further 
■peaks of the Weelden distriet, lying much more to the soath, 
and instances the Hastings sand of St. Leonard's forest as a 
good gathering ground. 

We hear little of this project of the Board of Health after 
the date of Mr. Bateman*s report. It is not noticed in any 
Parliamentary inquiry subsequent to 1852, nor ia the recent 
reports by Commissioners on the Supply of Water to the 
Metropolis. The failure of this scheme is not brought forward 
with any hostile feeling to the late Board of Health. On the 
contrary, one merit must not be denied to them — their pro- 
ceedings have elicited some useful information, although mixed 
up with much that is merely speculative and hypothetical. 

It is now generally admitted that immense gathering 
grounds of several hundred square miles are not adapted to 
furnish large concentrated supplies of water, in consequence 
of the numerous difficulties and expense of collecting it. 

The district of Bagshot Heath presents little or no analogy 
with the scenery of tiie Palseozoic rocks, which have hitherto 
been resorted to almost exclusively as gathering grounds. 
Neither the shape of the valleys, the surface soil, nor the 
elevation of the ground affords any features of similarity. 

Notwithstanding all the reports and other documents which 
have been published about the Bagshot sands, the actual pro< 
posed mode of collection has been very obscurely described. 
We are still almost ignorant of the absolute levels at which the 
springs were to have been collected, and the subject of im- 
pounding reservoirs is never once alluded to. Judging from 
the nature of the sands, it seems extremely doubtful whether 
impounding reservoirs could ever have been formed to hold 
water without lining or puddling the whole bottom, an expense 
that would have proved fatal to any such scheme. 

Although the Bagshot sand district must be now regarded 
as totally inadequate for the supply of the metropolis, it is pos- 
sible that many of the towns might advantageously derive a 
supply from the springs. Famham is said to be already sup- 
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plied from a sandy district which has been drained ; and no 
doubt the same may be practicable on a small scale, and for 
other towns not re^niring so large a supply as the metropolis. 
Such towns as Windsor, Wokingham, Beading, Guildford, 
Woking, Weybridge, Kingston, and Staines, may not impro- 
bably find it advantageous to resort to the Bagshot sands for a 
supply of softer water than they can procure in their own 
neighbourhood. In the case of small supplies to be taken from 
springs, many of the difficulties with respect to large impound* 
ing reservoirs are avoided, and adequate collections of water 
may be made without the expense which would have to be 
incurred for collecting the water from 2Q0 or 800 square 
miles of country. 

BEDS ABOVE THE TEBTIABIE9. 

About three-fourths of the whole surface of Norfolk and Suf* 
folk consist either of a diluvial deposit covering the chalk, or of 
the crag formation, which is considered by geologists superior 
to the Bagshot sand. The diluvium consists: generally of clay 
or loam with numerous fragments of chalk imbedded in it, 
and this is covered frequently by sand and other light soils. 
The diluvium is in many places as much as eighty feet thick. 

The crag consists chiefly of thin layers of sand, gravel, and 
shells, resting sometimes on the chalk and sometimes on the 
London elay. Frequent sections of the coast seen in the low 
cliffs of the Norfolk and Suffolk coasts, from Aldborough to 
Cromer, commonly exhibit a succession of this kind — ^red loam 
at the base, gravel above this, and the gravel again covered by 
chalk rubble. The whole district over which these deposits 
extend is remarkably flat, and nowhere rises into undulating 
scenery. The supply of water is mostly derived from open 
wells, sunk into the gravel or through the loam into the chalk. 
The principal towns of the districts are Norwich, Yarmouth, 
and Ipswich, besides which there are a great number of secon- 
dary market towns scattered all over Norfolk and Suffolk. 

s 2 
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There is also a remarkable tract of diluvial country, ex- 
tending for several miles inland from the Homber to the 
Wash. The deposits here rest on the chalk which forms the 
Wolds of Lincolnshire. The deposit is mostly impervions, 
consisting of retentive beds of clayey or loamy gravel, and 
is remarkable from the great nnmber of overflowing artesi&n 
wells sank through the diluvium down to the chalL The 
wells are simple borings, frequently 80 to 100 feet in depth, 
and are locally known as blow- wells. They abound in the 
neighbourhood of Louth, Alford, and Great Grimsby, and 
are commonly met with throughout a district about 50 miles 
in length from Wainfleet to Barton, on the Humber, with an 
average breadth from the coast of eight or ten miles. A 
similar district of blow- wells exists on the coast of Essex, 
between the mouth of the Stour and the estuary of the 
Thames. In these bore-holes, however, the water rises from 
the lower tertiary sands of the plastic clay formation. The 
quantity of water which they yield is very small, not more 
than from one to eight gallons per minute. Some of them, 
however, are very deep ; those in Foulness Island, Mersea 
Island, and Wallasea, var3ring from 800 to 450 feet in depth.* 

ON THE STRATA BETWEEN THE CHALK AND THE 

OOLITES. 

These in descending order comprise :^« 

1. The upper green sand or flrestone. 

2. The gault clay. 

8. The lower green sand or neocamian of the French 
geologists. 

The upper green sand is an arenaceous or sandy formation, 
underlying the chalk with variable thickness, which probably 
ranges from a few inches to 150 feet in Wiltshire, where it 
attains its largest development. It extends from Filey on the 

* See Dr. I£itch611*s paper in Froceedings of Geological Society, 
voL 3, p. 131. 
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eoast of Yorkshire to near Wainfleet in Lineolnshire, where it 
is cat off by the estuary of the Wash. It again appears under 
the chalk of Norfolk, and extends with little interruption in 
a south-westerly direction through Cambridgeshire, Bedford- 
shire, Bucks, and Oxfordshire. The outline and breadth are 
then very irregular through Berkshire, Wiltshire, and Dor- 
setshire, where it terminates on the coast. Another range 
of green sand commences at Folkestone, and passing under 
the chalk of the north downs, ranges in a horseshoe form 
through Kent, Surrey, Hampshire, and Sussex, where it 
again eomes to the coast beneath the chalk of Beachey Head. 
In a considerable part of its range, especially in the more 
northern district, it is often very feebly represented, and 
being sometimes only a few inches in thickness, and often 
covered with drift, frequently escapes observation. 

It is,, nevertheless, believed to exist in the shape of a sand 
bed or beds, more or less indurated into stone, beneath the 
chalk throughout the whole extent indicated. The breadth 
it occupies on the surface is insignificant, often not more than 
a few yards, except in valleys where the superior strata have 
been removed by denudation, and where, as in the valley of 
the Thanoies at Wallingford, and the vale of Fewsey in 
Wiltshire, it occupies a breadth of several miles. 

With reference to the upper green sand surrounding the 
chalk of the London basin, Mr. Prestwich estimates the 
length of its outcrop from a point near Cambridge entirely 
round the horseshoe outline formed by connecting the vale of 
Pewsey with Famham, and extending the outline to the 
English Channel at Folkestone, at 255 miles, with an average 
breadth of a mile and a half. Its thickness throughout the 
northern part of its course, as far south as Cambridge, is 
seldom more than 10 feet, and sometimes not more than a 
few inches. Throughout Oxfordshire, Wiltshire, Hants, and 
Surrey, Mr. Prestwich says, the average thickness is probably 
75 feet, while in Kent and East Surrey its thickness is pro- 
bably about 25 feet. With the exception of Watlington, 
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Walliiigferd, and Wannmsier, — tlie latter a eelebrated locality 
for upper green nnd foeaOa, — tliere are few townB, or even 
large TOlages, which can be said to be sitnate on the upper 
green nnd, and even where eoIleetionB of honses do exist on it, 
the Borfaee ia generally covered by a thick drift or dilnyimn. 

There is in aome caaee considerable oneertainty whether 
the water ft^lliwg on the chalk gw>lra throngh the chalk marl 
and penetrates the green sand. It certainly appears to do so 
in Cambridgeshire, where, as wdl as in the neighbourhood 
of Tring, it commonly penetratea down to the ganlt. Most 
of the chalk springs of the south downs, however, as Lydden 
Spout, Gheriton, Ac., are thrown out by the chalk marl, and 
do not reach the upper green sand. Generally speaking, 
the green sand cannot be expected to yield a large supply of 
water, and few springs break out from it except in the dis- 
trict west of a line between Famham and Fetersfield. Here 
the gault of Holt Forest, Woolmer Forest, and Petersfield, 
throws out numerous small streams which, probably, have 
their origin in the upper green sand. In Oonybeare and 
Phillips' " Geology of England and Wales," a well atPottem, 
near Devizes, in the vale of Pewsey, is mentioned in the 
upper green sand. This is sunk 126 feet deep throngh the 
sand down to the gault, but the quantity of water which it 
yields is not mentioned. Mr. Gravatt (Trans. Inst. Civil 
Eng. vol. i.) mentions two borings made through the upper 
green sand at Tring in order to procure water for the Grand 
Junction Canal. The boring in each case appears to have 
passed through the chalk marl and upper green sand into 
the gault. The yield of one boring is not stated, while that 
of the other is said to be 1800 cubic feet in 24 hours. This, 
which is only a little more than 8000 gallons a day, is of 
course a very insignificant quantity, with reference to a sup- 
ply even for a large village. 

Selbome,the residence of the accomplished Gilbert White, 
who wrote a most amusing and interesting book on its 
natural history, is situated on the upper green sand, west 
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of Woolmer Forest. The wells at Selborne, which are pro- 
bably sunk nearly, if not quite, down to the gaolt, are said 
to average abont 68 feet in depth. ** When sunk to this 
depth they seldom fail, bat produce a fine limpid water, soft 
to the taste and much commended by those who drink the 
pure element, but which di>es not lather well with soap.*' 

THE OAULT. 

This ifl a deposit of stiff tenacious blue clay which lies 
between the upper and the lower green sand. It will be 
unnecessary to describe its range and direction, as it every- 
where accompanies, and lies parallel to, the upper green 
sand, the course of which has been already described. Many 
streams and springs break out on the edge of this formation 
and flow over it in a direction opposite to the dip. The volume 
of these, however, is not considerable, and the valleys are not 
of such a deep and capacious shape as to encourage the mode 
of collecting water by storage reservoirs. Either on or closely 
contiguous to that part of the gault formation which extends 
from the Cambridgeshire Fens and the Isle of Ely into Wilt- 
shire^ are several towns of third or fourth rate importance, 
among which may be mentioned Cambridge, Potton, Biggles- 
wade, Shefford, Leighton Buzzard, Prince's Bisb6rough, 
Wantage, and Devizes. The towns of Petersfield, Dorking, 
Wye, and Folkestone, are also situate on the gault of Hamp- 
Bhire and the north downs. The common mode of procuring 
water for towns situate on the gault, is by sinking through 
it down to the lower green sand. When a boring is made 
down to the latter, the water generally rises nearly to the sur- 
face and sometimes overflows. Wells and borings through the 
gault are common at Cambridge, Biggleswade, Shefford, and 
all the line of flat clay country through Leighton Buzzard into 
Wiltshire, and Mr. Prestwich describes the quality of water as 
remarkably soft and pure. The artesian wells of Cambridge are 
very numerous. They are commonly sunk through the gault, 
and abundantly supplied with water from the lower green sand* 
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whicb probably derives its supply from tbebigb bUls of Bed- 
fordshire. The sapply from the wells in Cambridge was 
formerly esteemed of fair quality, although a considerable part 
of the inhabitants always availed themselves of water from the 
Cam, or from the Nine Wells' stream, which is derived from 
chalk springs. Latterly, however, the supply from all these 
sources has been found inadequate, and a Company has 
been formed, and works executed, for taking a supply 
of about 600,000 gallons a day from the Cherry Hinton 
stream and spring, which is also derived from the chalk. 
It appears that for some years after 1812, when the first 
artesian well was made in Cambridge, the water used to 
rise three or four feet above the surface. Owing to the 
increase in the number of borings, which are now probably 
between 500 and 800, the water stands, at present, from six 
to twelve feet below the surface. The hardness of two 
specimens of the Cambridge well water, as analysed by Mr. 
Warrington for Mr. Prestwich, was 8*8° and 11**, 

Another fiunous locality for artesian wells penetrating 
through the gault to the lower green sand, is at Wrest Park, 
the estate of the Countess Cowper, near Silsoe, in Bedford- 
shire. Probably not less than 20 artesian borings have here 
been made through the gault, and in every case the water from 
the lower green sand flows over above the surfietce, famish- 
ing a never-failing supply of water. Most of the wells 
have been furnished with a pipe which is bent over at the 
top, so as to discharge downwards a constant stream of 
water. The water tastes perceptibly of lime, and is highly 
esteemed as a chalybeate. Mr. Prestwich speaks favourably 
of the well water at Leighton Buzzard, Biggleswade, and 
other towns drawing from the lower green sand beneath the 
gault. Mr. Prestwich, Dr. Fitton, and other observers have 
stated the thickness of the gault at Folkestone at 126 feet; 
at Merstham 120 to 140 feet ; between Guildford and Mors- 
tham somewhat thinner ; at Devizes and Swindon about 100 
leet ; increasing in Cambridgeshire to about 150 or 160 feet. 
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Beeeni trials have shown 160 to 200 fSedt in thickness at 
borings on the Medway, near Maidstone ; at Kentish Town 
aboat IdO feet ; at Wrotham, Kent, 126 feet ; at Eddles- 
boroogh, Bucks, 205 feet ; at Baldock, Hertfordshire, about 
170 feet ; at Hitchin 214 feet ; and at Harwich 61 feet. 

Numerous wells and borings have lately been sunk in the 
ganlt district between Hitchin, Ampthill, and Biggleswade, 
in order to procure water for brickmaking, and for washing the 
coproHtes which are extensively dug in the neighbourhood. 
These wells usually pass through about 200 feet of gault. 

A well has recently been dug at the village of Arlesey, 
where the gault was found to have the same thickness, and 
at the well sunk for the Three-counties* Asylum at Arlesey 
the thickness of the gault was very accurately ascertained 
to be 204 feet. 

Thus the gault seems to attain a maximum thickness of 
about 214 feet at Hitchin, and thence to diminish gradually 
in a westerly direction, till at Cambridge it does not exceed 
160 feet, and where it finally ends at Hunstanton, in Norfolk, 
the bed of so-called red chalk which represents the gault is 
only 4 feet in thickness. The area occupied by the gault 
formation, extending from Cambridgeshire into Wiltshire, and 
thence under the north downs to the sea at Folkestone, is 
given by Mr. Prestwich at 840 square miles, with an average 
breadth of about a mile and a half. 

THE LOWEB OBEBN SAND. 

It is generally understood by geologists thaf this formation 
everywhere accompsmies the gault, which is represented as 
resting on a mass of sand varying somewhat in mineralogical 
character and still more in thickness, and which in English 
geology is known as the lower green sand. North of 
the Humber, in the cretaceous district of Yorkshire, how- 
ever, there are scarcely any traces of the green sand, and 
it is probably owing to faults or to thinning out that the 
Speeton clay, another name for the gault, is almost in con- 
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tact with the Kimmcfidge day and other members of the 
oc^tie aeries. SeucAj more visible is the lower -green sand 
aldrtiiig the Wc^ds of Uiioolnshire, the chief place where it 
attains any derelopment in this ooontj being the gently un- 
dolating district aboat Hagworthingham between Market 
Bainn and Spilsby. In the great fen district of the Bedford 
Lerely in the counties of Norfolk, Sofiolk, and Cambridge, the 
lower green sand u entirelj concealed by the allnyial deposits 
of the fens, bat a few miles north of Cambridge it begins to 
appear and thence extends in a sonth-westerly direction, form- 
ing a well-marked sone of considerable breadth. Its general 
range here is parallel to that of the gaolt, but projections of 
the sand hills frequently jut out westward to a considerable 
extent, thus breaking the general smoothness of the outline 
and giving to this formation a marked and peculiar character 
which is altogether wanting in the gault and the upper green 
sand. With the exception of these projecting eminences, the 
breadth of the green sand (about two miles and a half) may be 
considered as tolerably uniform between Cambridge and 
Leighton Buzzard, a little south of which it contracts rather 
suddenly, and continues to Abingdon with an average breadth 
of little more than a quarter of a mile. From this point it is 
very slightly developed all along the western border of the 
chalk. It appears however in insulated masses or outliers of 
great extent, capping all the hills in the western part of Dor- 
setshire and the neighbourhood of Chard, Axmiuster, and 
Honiton. In Devonshire it forms the picturesque and highly 
varied scenery of the Blackdown Hills, which owe much of 
their peculiar character to the deep valleys and alternating 
ridges of this sand. In the Blackdown Hills the green sand 
overlaps in succession the edges of all the formations between 
itself and the red sandstone, and actually rests on the latter 
throughout most of its western and southern boundary. 

Smaller and still more detached outliers extend much fur- 
ther westward in Devonshire, in fact considerably to the 
south-west of Exeter, where, as at Chudleigh, the lower green 
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sand is found in contact even with the Palaeozoic rocks^ 
proving the enormous area originally covered bj the green 
sand before its denudation. 

The chalk of Hampshire and the north and south downs is 
accompanied throughout bj a prominent zone of lower green 
sandj which preserves a parallelism to the gault and has 
the same general horseshoe shape encircling the Weald of 
Kent and Sussex. About one-half of the whole surface of 
the Isle of Wight is also occupied by the lower green 
sand. 

The formation attains its chief prominence in the range 
of hills stretching almost in a westerly direction from Rei* 
gate, by Dorking, and Godalming to Haslemere. In this part 
of the Tiinge are the towering eminences of Leith Hill, Hind 
Head, and the Blackdown Hills of Hampshire, several of 
which are 1000 feet high above the sea, and considerably over- 
top the neighbouring chalk hills. 

A considerable number of towns are situate either on the 
lower green sand, or in such contiguity to it, that this for- 
mation may not improbably, either now or at some future 
time, be resorted to for a supply of water. Among these 
towns are Cambridge, St. Neots, Potton, Biggleswade, Bed- 
ford, Shefford, Buckingham, Fenuy Stratford, Leighton- 
Buzzard, Aylesbury, Thame, Oxford, and Abingdon. Similarly 
situated are the towns of Wellington, Chard, Honiton, Ax- 
minster, Sidmouth, Colyton, Axmouth, and Charmouth, in 
the west of England. 

Within the influence of the green sand which encircles 
the Weald of Kent and Sussex, (to say nothing of the metro- 
polis itself,) we have Folkestone, Sandgate, Hythe, Maid- 
stone, Seven Oaks, Tunbridge Wells, Reigate, Dorking, 
Guildford, Godalming, Famham, Alton, Petersfield, Petworth, 
Arundel, Eastbourne, Brighton, and Lewes. ^ 

The lower green sand in the tract between Cambridge and 
Leighton? Buzzard, occurs in the form of grey or brown sand, 
but " chiefly," says Dr. Fitton, ** as a coarse ferruginous copi- 



54 8TB&TA BKTWKKSt 

pound of quartzoxe sand cemented bv bjdrate and oxide of 
iron, and more or less indurated. At the top, however, is 
some green sand, as appears from the first discharge from 
the borings through the gault^ after the rod has passed the 
clay ; the water subsequently obtained^ depositing an ochreons 
matter of the colour of the Wobum sands." The whole 
mass, howerer, does not consist of aund as there is a con- 
siderable thickness of fullers-earth interposed in the sands 
of Wobum, which are extensively dug for the purpose of 
procuring the fullers-earth. This mineral has also heen 
observed in the lower green sand of Norfolk. A great deal 
of the green sand district, west of Wobum, particularly in 
the neighbourhood of Leighton Buzzard, is much covered by 
drift gravel which conceals the sand except where it rises 
into hills. According to Greenough's map there is alluvium 
no less than 600 feet thick covering the green sand at Elsworih, 
west of Cambridge. 

The green sand of the Blackdown hills rests nsually on 
the red marl of the new red sandstone, and sometimes on 
the lias. Dr. Fitton describes the sandy surface as barren, 
but the marl, which forms the base of the hills for about 
two-thirds of their height, is usually fertile and presents a 
great contrast to the barrenness of the sand. The Blackdown 
hills are celebrated for the so3rthe stones which are obtained 
from sandy concretions occurring in these hills. Ever3rwhere 
around the Blackdown hills are found the sources of the 
principal rivers of Devonshire, Somerset, and Dorset. The 
Oulm, the Tone, the Parret, the Axe, and the Otter, all 
derive large supplies from the water of these sand hills 
thrown out by the marls on which the sand reposes. 

The lower green sand of Sussex and Hampshire has been 
described in great detail by Dr. Fitton, in his admirable paper 
on the strata below the chalk (2nd series, G^l. Trans., 
Vol. IV., p. 103). He divides the lower green sand into 
three distinct groups, which may be characterised as follows : 

a. The upper division consisting principally of sand, white, 
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▼ellowisli, or ferruginous, with concretions of limestone and 
of chert frequently in false stratification. This division im- 
mediately underlies the gault rising np abore the yalley of 
the latter, and bearing a dry barren soil. Its thickness at 
Folkestone is about 70 feet. 

b. The second member is described as a retentire stratum 
abounding in green matter and containing little stone. The 
water falling on the upper group a, in the neighbourhood of 
Folkestone, does not penetrate to the base of the lower 
green sand, but is thrown out in springs aboye the retentiTC 
stratum b. Many of the wells in Folkestone deriye their 
supply from water which is upheld by this middle sandy 
clay. Thickness, near Folkestone, from 70 to 80 feet. 

e. The third or lowest division, which rests on the Weald 
clay, is more calcareous in its composition than either of the 
others, and contains the principal beds of stone bearing the 
name of Kentish rag. These indurated beds commonly form 
a steep ridge or escarpment overlooking the valley of the 
Weald. Thickness, probably, 200 feet. 

A part of the supply of water to Sandgate is derived from 
the springs which break out on the surface of this middle 
bed, as described in Mr. BlackwelFs Report to the President 
of the Board of Health.* The water from this part of the 
green sand has been so bad during the last year, namely 
so full of gritty sand, and so impregnated with iron, that 
Mr. Blackwell recommends the supply to be taken from the 
same springs which are used for Folkestone, namely the chalk 
marl springs near Cheriton. 

Dr. Fitton believes, from the general information he has 
received, and the observations he has made in Surrey and 
Hampshire, that the same sub- divisions exist in the lower 
green sand all round the Wealden area which it encloses. 

The lower green sand of Sussex occupies about an average 

* Report by Tho«. E. Blackwell, Esq. to the President of the General 
Board of Health, dated 21st February, 1855. Parliamentary Paper, 
Session 1 355. 



89 8TBATA BETWESN 

breadth of a mile and a half from Perensey as far west as the 
Tallej of the Anm. Here it expanda to a much greater width, 
and oontinnea throngh Hampshire and part of Sarrey, aafar as 
Dorking, with an average breadth of not leas than five miles. At 
Dorking it contracts in width, while it accompanies the steep 
ridge of chalk called the Hog's Back ; but again expands to a 
width of seyeral miles in the neighbourhood of Seven Oaks and 
Maidstone, and continues through Kent, still with a breadth 
of several miles, to its termination on the coast at Hythe and 
Folkestone. 

The most prominent parts of the lower green sand in Sarrev 
are the elevated crests of Hind Head and Leith Hill. Dr. 
Fitton attributes the great development o£ the lower green 
sand in this part of the country to flexures and undulations ia 
the strata, which cause a repetition of the same beds to appear 
at the surface. 

It seems probable that many of the small streams which 
flow into the river Wey from the elevated district of Hind Head 
and Woolmer Forest, have their origin in springs of the middle 
retentive division, similar to those observed at Folkestone and 
Shorncliffe. The river Wey itself in its course through the 
green sand district probably flows in a bed of drift, but the 
Bother, from Petersfield to its junction with the Arun, near 
Pulborough, seems to flow on the surface of this retentive 
middle division. Dr. Fitton observes, that most of the large 
ponds in the neighbourhood of Dorking, Godalming, Woolmer 
Forest, Frensham, and Pulborough, are situate on the same 
stratum. 

The thickness of the lower green sand at Folkestone has been 
determined with tolerable accuracy, at about 400 feet, and Dr. 
Fitton thinks it does not much exceed this in Surrey, notwith- 
standing the greatly increased breadth it occupies. Mr. Prest- 
wich, however, from a tolerably exact general measurement 
which he made with Mr. Austen found the thickness at Chil- 
worth, between Guildford and Dorking, 680 feet. He also 
gives the followiDg as approximations founded on general ob- 
aervation :— - 
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T%ickiMM«r 
Lvvar Gmea tend. 

Feet. 

Kent, Seven Oaks 500 

Surrey, Farnham •••••• 700 

Wiltshire, Devizes, and Calne . • • • 20 

Oxfordshire, generally 150 

Buckinghamshire, Leighton Buzzard .... 250 

Bedfordshire /^o^"™ »50 

I Biggleswade • . . • 250 

Mr. Prestwich describes the area occupied by the lower 
green sand surrounding the chalk basin of London as 650 
square miles, but a great part of this area is coTcred bj beds 
of drift. In Wiltshire, Oxfordshire, Kent, and Surrey, the 
covering of drift is altogether absent or of inconsiderable thick- 
ness. In Buckinghamshire the thick beds of drift by which 
the sand is covered, are generally permeable and sandy. In 
Bedfordshire, however, the drift gravel or sand is again overlaid 
by an impermeable formation, called the ** boulder clay drift.'* 
In Cambridgeshire and Norfolk the covering of drift is more 
general and impermeable.* 

Mr. Prestvrich has evidently made many minute examina- 
tions of the lower green sand with a view to ascertain its capa- 
bility to yield a supply of water for the metropolis, by means 
of wells sunk or bored around London, through the tertiary 
strata and the chalk. He has therefore investigated, with 
great minuteness and detail, the extent of permeable surface 
assignable to this formation, and also the proportionate thick- 
ness which the beds of sand bear to the argillaceous part of the 
lower green sand formation. The conclusion which he seems 
to arrive at on the latter point is, that the group may be con- 
sidered as consisting of 1 1 7 feet in thickness of impermeable 
clays, and of 250 feet of permeable sands. 

Although Mr. Prestwich assigns an area of 650 square miles 
to the lower green sand surrounding the London basin, he 
does not calculate on the whole of this as a contributing area, 

* Prestwieh on the Water-Bearing Strata of London, p. 88. 
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whose waters would drain or filter into wells sunk in th< 
centre of the basin. Referring to the probable existence of 
argillaceous beds, similar to those described by Dr. Fitton in 
the neighbourhood of Folkestone, and which possibly form 
distinct water leyels under London, he makes some large 
deductions from his etfectiye surface on this account. He also 
makes some further deductions for parts covered by imperme- 
able drift, and for interruptions caused by faults and flexures 
of the strata. As the data for these deductions are said by 
himself to be very general, it will be unnecessary to quote them 
here in detail. Suffice it to say, that the whole of the de- 
ductions being made, the result is, to reduce the effective 
drainage area of lower green sand to 230 square miles. He 
then assumes an annual rainfall of 26^ inches oyer the whole 
of this area, and a probable absorption of 16 inches annuallj, 
which gives a quantity of nearly 146,000,000 gallons absorbed 
in 24 hours. 

Mr. Prestwich gives a section across the green sand forma- 
tion between the chalk and the weald, to represent generally 
the features of the country, for a breadth varying from three to 
six miles between the north downs and the Weald of Kent 
and Surrey. 

In this section, he shows the lowest valley line at the level 
of the gault, where the green sand begins, and then shows the 
outcrop of the lower green sand and commencement of the 
weald at a considerably higher level.* 

He further shows the weald dipping under the green sand, 
with an undulating outline, so that about the centre of the 
green sand district the weald is not many feet below the sur- 
face of the ground, whereas, if it dipped at the same angle as 
the chalk it would here have been several hundred feet in 

* This form of section may be correct in the eountry about Dorking, 
where the green sand hills are very high ; but it certainly does not apply 
to the neighbourhood of Merstham, where the Brighton railway intersecti 
the green sand. On this section the gault is at a considerably higher 
level than the point at which the wealden commences. 
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depth. This bent, or undulating stratification of the weald 
has been confirmed by many observers, and by the evidence 
of shafts sunk through the green sand. In fact, in the 
neighbourhood of Dorking and Guildford the weald comes 
to the surface in the centre of the green sand district. Dr. 
Fitton says, the depth of green sand overlying the weald 
elay in Surrey is often very inconsiderable, and Mr. Hopkins, 
in his paper on the structure of the Wealden district,* has 
pointed out an almost continuous line of disturbance or 
flexnre, extending from Famham by Guildford and Dorking 
to Seven Oaks. This line of flexure everywhere brings up 
the weald clay very nearly to the surface. 

Mr. Prestwich shows the presumed water level in the lower 
green sand by a line drawn from the outcrop of the gault to 
the commencement of the wealden. This line is not straight 
but somewhat arched or bent upwards. He remarks on the 
permanence of the springs, which break out where this line 
of saturation cuts the surface of the ground, and illustrates 
this by observing that a fall of the water level to the extent of 
only one foot probably sets free 50,000,000 gallons of water in 
each square mile. This calculation is made on the supposi- 
tion that each inibic foot of the lower green sand is capable of 
absorbing two gallons of water, a result which his experiments 
lead him to anticipate. 

Having arrived at the conclusion that the exposed area of 
the lower green sand which surrounds the London basin is 
capableof absorbing daily the enormous quantity of 146,000,000 
gallons of water, Mr. Prestwich next draws attention to the 
immense volume of water which will be permanently held in 
the 4,600 square miles of subterranean area attributable to the 
lower green sand. He assumes the thickness at 200 feet, so 
that the whole capacity of the subterranean water-bearing 
mass will be equal to 920,000 square miles one foot thick 
Now, according to the experiments of Mr. Prestwich, each of 
these 920,000 masses or square miles will hold .more than a 

* Transactions of the Geological Society, 2nd series, VoL vii. p. 1. 



90 8TBiLTA BBTWSflir 

day's supply for the whole metropolis ; so that we appear to 
have beneath onr feet a subterranean reservoir holding at this 
moment a 25 years' supply — ^being a tolerably capacious reser- 
voir. Mr. Prestwich argues from this vast capacity a perma- 
nent and steady maintenance of the supply to be taken from 
these sands. 

The conclusion which he seems to draw from all the re- 
searches he has made is, that the upper green sand would 
yield in artesian wells from 6,000,000 to 10,000,000 gallons 
a day, and that the lower green sand would yield 30,000,000 
to 40,000,000. Mr. Prestwich estimates the thickness and 
depths of the strata beneath London as follows := 

ThickiMw . Oeptk. 



Teitiariet 200 

Chalk 650 

850 

Upper green sand • • • . 40 

Gault 150 

1040 to the 

top of the lower green sand. 

He further estimates that the water from the lower green sand 
would probably rise in artesian wells to a height of about 120 
feet above Trinity high water mark, and that from the upper 
green sand about 10 feet higher. 

These views of Mr. Prestwich have lately been consider- 
ably modified, as there is now reason to suppose that the 
lower green sands are not everjrwhere continuous beneath 
the chalk. For instance, at Calais, after boring through the 
chalk to the depth of nearly 1,800 feet, the strata of tbe 
carboniferous period were met with, and all the middle and 
lower secondary strata were wanting. Again, at Harwich 
lower carboniferous strata were met with after passing 
ihrough chalk, succeeded by about 60 feet of upp^ green 
sand and gault ; whilst at Kentish Town a series of red 
sandstones were found, after passing through 1,118 feet of 
ehalk, succeeded by gault. Mr. Prestwich* remarks that 

* Beport to Metropolitan Board of Works on the Boring at Groat- 
ess. 
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these facts, taken in conjimetion with other phenomena ob- 
served in Belgium and the West of England, have led geolo* 
gists to believe that a ridge of old rooks of unknown width 
ranges under the chalk from Belgium, passing under the valley 
of the Thames, and continuing to the West of England. 

It is mifortunate that the boring at Crossness has been 
abandoned at a depth of 961 feet, at which point it had only 
penetrated through 147 feet of gault. This was not deep 
enongh to determine the thickness of the gault, nor to solve 
the question of continuity in the lower green sand. So far as 
this boring is concerned, it is still unsettled whether the 
ganlt is succeeded by the lower green sand or by rocks of 
PalflBOzoic age, as at Calais, Harwich, and Elentish Town. 

Whatever may be the case, however, as to the succession 
of strata below the chalk in or near the centre axis of the 
London basin, it is quite certain that all round the margin 
of the basin, from Folkestone, by Hungerford and Dunstable, 
and so on through Cambridgeshire into Norfolk, the chalk is 
everywhere underlaid by the gault and lower green sand. 

SPRINGS 07 THB LOWEB OBESN SAKD. 

Where the weald clay dips with a uniform inclination under 
the green sand, it is probable that no springs are caused at 
the escarpment. The surface of the clay may be wet and 
marshy, but no perennial springs will appear. At places, 
however, where the dip of the wealden clay has an undulating 
outline like that of the gault or chalk marl as represented in 
fig. 16, p. 51, springs will probably break out from the es- 
carpment if the crest at x be higher than the outcrop of the 
sand at y. However small the trough may be, it will have 
communication with a large area and mass of porous strata, 
60 that the pressure of water to cause springs will be con- 
siderable. Such undulations do certainly exist, as the clay 
brought up in this way makes its appearance at the surface in 
the valley of Pease Marsh, near Guildford, also on the south- 
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east of Dorking, and at other places within the area of the lower 
green sand. The same phenomena of springs will occur if we 
suppose the strata fractured hy a fault, as shown in fig. 15, 
p. 49, representing a state of things in which the hending of the 
weald clay has heen so considerable as to produce actual dis- 
ruption. Of course, in order that the spring may flow at 0, we 
must imagine the point h at the fracture, which corresponds 
with the crest x in fig. 16, to be at a higher level than e. 

It is probable that the springs of Leith Hill and Hind Head 
are due either to fractures in the weald clay beneath the sand, 
as represented in fig. 15, or to an undulation as in fig. 16. 

We have already spoken of Artesian weUs from which water 
rises to or above the surface in the vicinity of Cambridge, 
and of overflowing wells at Wrest Park, in Bedfordshire. 

A similar phenomenon occurs in the depressed area of 
gault near Biggleswade, where the ground is below the line of 
saturation in the sand, and where the pressure of water from 
the green sand ridges occasionally causes springs to breakout 
and discharge themselves into the a^acent streams. 

THE WEALDEN AREA OF KENT AND SUSSEX. 

This is a peculiar isolated tract entirely surrounded, except 
at its eastern extremity, by the escarpment of the lower green 
sand. Its shape resembles that of a horse shoe, the rim being 
formed by the belt of green sand, while the open part faces the 
sea from near Beachy Head to Hyihe. Considered from a more 
extended point of view, the whole wealden formation may be 
described as an irregular ellipse with a curvilinear axis of 
about 150 nules, and an extreme breadth of about 40 miles. 
Measured in the line of the transverse axis, a breadth of about 
40 miles has been broken through by the English Channel, and 
as the French or eastern extremity of the ellipse is compara- 
tively insignificant, the part of the ellipse which is left on the 
English side is about 80 or 90 miles in length, from the coasi 
to Haslemere forest. The boundary of the English wealdettl 
district may Ve roughly traced from near Beachy Head on tbi| 



or KENI AMD SUSSEX* 03 

Sussex coast, thence in an almost westerly direction towards 
Polborough and Petworth. Then it passes on the east side of 
Alton, round hj Petersfield, and thence in an easterly direc* 
tioD by Famham, Goildford, Dorking, and Reigate, to the 
south of Seven Oaks and Maidstone, to Hythe on the Kentish 
coast. 

The surface of this tract consists of two distinct parts, 
namely the Weald clay, and the Hastings sands. The former 
is an argillaceous deposit, which appears to dip everywhere 
beneath the lower green sand, hut its continuity at distant 
points within the cretaceous area has not been satisfactorily 
established. The breadth of the surface occupied by the 
weald day may be taken at about five miles, the breadth being 
somewhat greater in the northern part of the district than in 
the part which ranges parallel with i)ie south downs. The 
Hastings sand occupies the whole tract inside the belt or zone 
of clay. The Wealden district is traversed by a winding anti- 
clinal axis, from which the strata dip in opposite directions, 
those on the north side dipping to the north, and those on 
the south in the opposite direction. The principal towns 
either situated within, or bordering the Wealden area, are 
Hastmgs, Battle, Pulborough, Petworth, Horsham, Tunbridge, 
Tunbridge Wells, Hythe, Rye, and Winchelsea. 

The drainage of the Wealden district is effected in a remark- 
able manner, namely by rivers which rise in the elevated cen- 
tral parts and mostly break through the barrier of sand and 
chalk which forms the north and south downs. The prin- 
cipal rivers which rise in the Weald and pass in this way 
through the barrier, are the Ouse or Newhaven river, the 
Adur or Shoreham river, the Arun, the Wey, the Mole, and 
the Medway. Mr. Poulett Scrope, Mr. Martin, and other 
geologists, among the most recent of whom is Mr. Hopkins, 
all support the hypothesis that these rivers do not flow in 
simple channels of denudation, but in gorges produced by 
antecedent fissures cuttingentirely across the Weald. The gorges 
of the Arun and the Wey are nearly opposite to each other, and 
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are probably parts of the same fissure. In the same maimer 
the gorges of the Adur and the Mole, and of the Ouse and the 
Medway, range nearly with each other in straight lines. Tie 
whole detail connected with the subject of these transverse frac- 
tures, and their connection with the great central axis of eleva- 
tion, and with several other lines parallel to the latter, is very 
elegantly worked out in Mr. Hopkins' paper already quoted. 

Not only does Mr. Hopkins agree with, and confirm the 
opinions of, former geologists, as to the transverse fractures 
through the boundary or encircling frame of the Wealden dis- 
trict, but he points out in addition many instances in which the 
Medway and other rivers break through the principal raised 
axis of the Weald itself. In gorges caused by transverse frac- 
tures of the main east and west ridges, several branches of the 
Medway flow through in a north and south direction, in the 
immediate neighbourhood of Penshurst and Lamberhurst. 

THE JURASSIC OR OOLITIC SER. F8, 

This consists of the following subdivisions : — ' 

{The Portland oolite or limestone* 
Portland sand. 
Kimmeridge clay. 

{Coral rag, calcareous grit or Headington oolite. 
Oxford clay, 

{Cornbrash. 
Bath or great oolite. 
Fullers- earth, clay, and limestone. 

{Inferior oolite and sand. 
Upper lias. 
Lias marlstone. 
Lower lias. 

The tract of country which embraces these various subdin- 
sions of the oolite formation, extends in a curved line from the 
coast of Yorkshire to Lyme Regis in Dorsetshire. A line 
passing through the centre of the oolitic district from A^hithy 
to Lyme Regis, would be about 320 miles in length, while the 
breadth of the formation is extremely irregular, in some places 
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not more than two or three miles, and in others as much ms 
seyenty. The average breadth may probably be about thirty- 
five miles. North of the Humber, the oolites of Yorkshire 
occupy an extreme breadth from Filey on the coast to near 
Thirsk, of rather more than forty miles, with about the same 
length in a north and south direction* from Redcar at the 
mouth of the Tees to beyond New Malton. South of this 
place they extend to the Humber, forming a narrow zone 
scarcely more than two miles in breadth. 

The oolites of Yorkshire embrace the eastern Moorlands, 
the Hambledon, and the Howardian HiUs, together with the 
fertile clay districts of Cleveland, the Yale of Esk, and the 
Vale of Pickering. The high country of the Moorlands, 
which rise to elevations varying from 1,000 to 1,500 feet 
aboYc the sea, consists of rocks corresponding to the inferior 
and great oolite of the south, although the division of fullers- 
earth which separates them in the south appears to be want- 
ing m Yorkshire. The clays of the south are in fact repre- 
sented by shales in the Yorkshire oohtes, while the limestones 
of Bath, Cheltenham, &c., are represented by sandstones and 
grits. The sandstone, shaly, and often ferruginous beds of 
the elevated districts rest on a platform of lias, which sur- 
rounds them in a semicircular form from Redcar on the coast, 
passing round near Northallerton and Thirsk to New Maltoui 
and thence, still continuing in a narrow band, by Pocklington 
and Market Weighton to the Humber. The lias is also exposed 
entirely across the oolitic district from Stokesley on the east 
to Whitby on the coast. The river Esk flows in this valley of 
denudation, which is also traversed by a great basaltic •; ke, 
extending many miles inland as far as the Durham coal field. 
Resting in order on those divisions which correspond with the 
great and inferior oolites of the south, is a mass of the Oxford 
and Kimmeridge clay, which occupies nearly one third of the 
whole oolitic district of Yorkshire. These two divisions, the 
Oxford and Kimmeridge clay, are separated by about 200 feet in 
thickness of calcareous and coralline grits, which do not occupy 
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miich breadth on the surface, but which are remarkable for 
the occurrence of swallow holes; ipto which riyers and streams 
•re absorbed and disappear for some miles of their course. 

The drainage of the district is principally effected by the £sk 
and the Derwent, and by tributaries of the Ouse, which latter 
rise from the escarpment of the oolitic hills, and flow over the 
has. The Esk flows chiefly through the lias, and is fed by 
numerous springs arising from the high Moorland district on 
each side of it. The Derwent hes chiefly in the Yale of Pickering, 
flowing through the Eammeridge day, but is fed by numerous 
tributaries from the Eastern Moorlands and the Howardian 
Hills, which flank the Yale of Pickering on three sides. 
These tributaries flow in succession over the great oolite, the 
Oxford clay, the coral rag, and the Kimmeridge day, in the 
same direction as the dip of the strata ; and it is ander these 
circumstances that the water is so often engulphed in swallow 
holes, which correspond with fissures and cavities in the coral 
rag, and its' representative grit-stone beds. Having received 
all its principal tributaries, however, in the Yale of Pickering, 
the Derwent, now a considerable river, breaks through the 
Howardian Hills in a direction opposite to the dip of the 
strata, and crosses in succession the coral rag, the Oxford 
clay, the great oolite, the Has, and the new red sandstone. 

Few towns of much importance are situate in the oolitic dis- 
trict of Yorkshire. The principal are Whitby, Scarborough, 
Pickering, and New Malton. These would, probably, be able 
to derive abundant supplies of water from impounding reser- 
voirs, constructed across the deep narrow gorges of the oolitic 
hills. The water of these hills not being so highly impreg- 
nated with calcareous ingredients, is very superior in softness 
to the ordinary water of oolitic districts in England. The 
Howardian Hills, the Hambledon Hills, and the Eastern Moor- 
lands of Yorkshire will, probably, become of much importance 
in future years, as capable of yielding supplies of water to 
towns on the lias and new red sandstone districts lying to the 
eastward. It is probable that the rich and fertile valleys of the 
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Oase and tiie Tees wiil so increase in population as to reqnin; 
supplies ot water from these Yorkshire hills. * 



THE OOLITIC DISTRICT FROM THX HUMBXR TO NEAR 

BATH. 

This comprises the development of the formation in the 
counties of Lincoln^ Leicester, Rutland, Northampton, Hun- 
tingdon, Bedford, Worcester, Gloucester, Oxford, Bucking- 
ham, and Wilts. The hreadth at the Humher is nearly eight 
miles, from which it gradually increases in a southerly direc- 
tion till, at Lynn, the hreadth of the formation measured across 
the fens of Lincolnshire to its western boundary near Lough- 
horough, is not less than seyenty miles. In this breadth, 
however, about one half, consisting of the Oxford clay, is 
covered over by the fens of Lincolnshire. From this extreme 
development die breadth somewhat diminishes, as at Oxford 
a line measured across the district at r^ht angles to its ima- 
ginary axis, would be about forty miles. From Stratford-on- 
Avon the outline of the lias may be traced all the way to Bath 
and Bristol, but it becomes very tortuous in Warwickshire, 
Worcester, and Gloucestershire, jutting out in many irregular 
hills and isolated prominences into the new red sandstone 
country. 

The upper divisions of the oolite aboye the Oxford clay, are 
but slightly developed in all this extensive tract. The Kimmer- 
idge day is of inconsiderable extent in all the northern part, 
although it may be traced continuously under the green sand 
from the Humber into Buckinghamshire, where it attains a 
breadth of several miles in the forest of Brenwood, between 
Aylesbury and Oxford. The members of the ooHtic series 
above the Eimmeridge clay are so little developed, aa not to 
require notice in a hasty sketch of this kind. 

The ooral rag first appears a httle north-east of Oxford, and 
extends in a narrow zone about three miles wide, by Abingdoa, 
Farringdon, Highworth, and Wotton Basset, to Chippenhan 
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■nd Calne, soon after which it disappears. The Oxford claj 
oeeiipies a lenticular spuee between the Hnmber and Lincoln, 
where the fens commence. It may be traced, howerer, on the 
west side of the fens, bj Sleaford and Bonme, almost down to 
Peterborough, and doubtless continues beneath the fens in all 
the eastern part of Lincolnshire. 

South of Peterborough the Oxford clay expands to a consi- 
derable breadth in Huntingdon and Bedfordshire, except where 
it is denuded, and the great oolite exposed, in the Talley of the 
Ouse around Bedford. Between Bedford and the neighbour- 
hood of Bath, it occupies a very irregular zone, the eastern 
side of which is much encroached on, sometimes by the over- 
lying Kimmeridge clay, and sometimes by the lower green 
sand. The breadth of the Oxford clay at Huntingdon is more 
than 35 miles, while at other places, as in the neighbourhood 
of Buckingham and Oxford, it is not more than two miles 
wide. 

The great oolite has been already spoken of in the Eastern 
Moorlands of Yorkshire, and in the Howardian and Hambledon 
Hills. South of the Humber, the great oolite, with its subor- 
dinate beds of combrash and forest marble, eyerywhere ac- 
companies and passes under the Oxford clay. North of Lin- 
coln, it occupies, a very narrow strip of country, but in the 
south of Lincolnshire it expands to a much greater width. 
This width, from Bourne in Lincolnshire to Saltby in Leices- 
tershire, is not less than seventeen miles; three of which, ho7- 
ever, are occupied by the denuded valley of the Witham. 
in which the lower oolite and the lias are exposed. | 

In Northamptonshire, Bucks, and Wiltshire, the great 
oolite is much developed, but has a very irregular boundarTi 
frequently capping high grounds over considerable areas, m 
surrounded by zones of lower oolite and lias, which cut it w 
and isolate it in large irregular masses. j 

South of Bath the great oolite is only slightly developed 
It extends in a narrow strip, by Frome as far as Bruton, wher 
it oegins tu oonupy a greater breadth, and spreads out in Gi| 
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lingham Forest and Milborn Forest to a breadth of more 
than ten miles. Sonth of Bradford Abbas the great oolite 
becomes extremely narrow, and can jnst be traced by 
Beamister and Abbotsbnry as far as Weymouth Bay, where 
it appears as usual underlying the Oxford clay. 

The fuller's-earth, or Frome elay, which separates the 
great and inferior oolites, is scarcely known in the north of 
England. It first appears in the neighbourhood of Winch- 
combe, in Gloucestershire, where it encircles several small 
irregularly-shaped conical hills, the top of each consisting of 
the great oolite, supported in a shallow basin of Frome clay, 
or Mer's earth, while the base of each consists of the lower 
oolite and lias. 

From the neighbourhood of Northleach, under the Cottes- 
wold hills, to Bradford, Frome, and Bruton, the fuller's- 
earth may be traced continuously as a thin retentive motley- 
coloured stratum, everywhere separating the two great free- 
stone members of the ooliie formation. This comparatively 
narrow strip of clay, which plays an important part in the 
hydrography of the oolitic country, continues by Bradford 
Abbas, Beamister, and near Bridport to the coast of Dorset- 
shire at Burton Cliff. Besides this continuous wavy line, the 
fuller's earth appears in all the outliers on the western side 
which are merely separated from the true oolitic country by 
valleys of denudation. Thus isolated hiUs in the neighbour- 
hood of Northleach, Stroud, and Bath, are all encircled by 
this narrow band of fuller*s-earth, which commonly causes 
very copious springs to burst out from the lower beds of the 
Buperincumbent great oolite. There are no less than four hills 
in the neighbourhood of Bath which are thus encircled by the 
hller's-earth. The most conspicuous of these are Lansdown 
tnd Claverton Down. The frdler's-earth formation may also 
traced on both sides of the valleys around Bath, every- 
ere occupying an intermediate position between the inferior 
d the great oolite, and presenting a broken irregular surface, 
wing abundant traces of landslips and watery action. 

f2 
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Tlie inleiior oolite, with its rabordinate sands, is chiefly 
developed in Northamptonalure, Gloneesterahire, and Donei- 
ahire. Its toaadary ia extremely inregnlar, and, like the 
great oolite, it ei^ nomeEoiia isolated hilla where it rests on 
a baee of lias, or other eUy • 

In thia manner it eapa the lias in the n^hbonrhood of 
Uppingham, in Bntlandebire, and also covers a oonBiderable 
extent of lias eoontcy, extending from Market Harborongh to 
Brackley, in Bnekinghamshiie. It appears at Northampton, 
WeUini^MuroQ^, and BothweO, underlying the great oolite 
which here forms the snrfaee of the eonntry. 

The inferior oolite appears again in Campden and Bonrton 
hiDs, near Evesham, and passes through Gloaeestersluie by 
Winehcombe, Northleaeh, and Painswick. It also oocnis in 
Lansdown and other hills in the neighbourhood of Bath, form- 
ing the cap of Dundry and Stantonbury hills. South-west of 
Frome it appears in the platform of Doulting, extending by 
Bruton and Castle Caiy to Bradford Abbas. From this point 
it increases considerably in width, and extends by Crewkerne 
and Bridport to the coast of Dorsetshire. The inferior oolite 
furnishes a famous building stone of a quality very supexioi 
to the ordinary Bath oolite. It is probable that the qnairies 
in the neighbourhood of Bath first acquired their reputation 
from the employment of the lower oolites, which are now 
extensively replaced by beds of softer and more perishable 
quality from the great oolite. The inferior oolite of Dundry 
furnished the stone for building the beautiful church of St. 
Maiy Bedcliffe, at Bristol ; while the Doulting stone, near 
Sbepton Mallet, was used in Wells Cathedral and Glaston- 
bury Abbey. In colour it is yellower than the great oolite, 
the oolitic grains are larger, and the cement which unites 
them stronger and more crystalline. 

The lias formation is a great mass of clay with subordinate 
beds of limestone and marlstone which commonly underlies 
the inferior oolite, and is very extensively developed in Eng- 
land. This formation may be traced nnintermptedly from 
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the coast of Torkshiie st lUdear and Whitby, to that of 
Dorsetshire at Lyme Begis and Azmonth. It ranges with a 
very variaUe width through all the eonnties lying between 
these extreme points. Its greatest breadth is probably in the 
neigfabonrhood of Towoester, where it oeci^ies a tract nearly 
60 miles in width, with some sli^t intenmption by patehes 
of the inferior oolite. 

The oolitic system, like the eretaceoos, has probably at 
one time been nniversal or nearly so. The members which 
eompose it may be traced either in an entire or partial series 
around the edges of the three great chalk banns of France, 
namely, the An^o-Parisian, tiie Pyrenean, and the Medi- 
terranean. We find oolitic rocks in Spain, Portogal, Italy, 
Piedmont, Switzerland, Germany, Lnzembnrg, Swabia, Wnr- 
temborg, Westphalia, Saxony, Bavaria, &c. They exist in 
Asia Minor, in the Crimea, covering a great extent of central 
Bossia, and pasrang thence to the icy sea on both sides of 
the Ural Monntains. They appear in Indiana, North Ame- 
rica; idso in the Cordilleras of Coqnimbo, in Chili. They 
have been recognised in the moontains of Himalaya, in the 
East Indies. 

These distant points indnde an area which extends in the 
northern hemisphere over 60^ of latitude, and in the southern 
hemisphere from the torrid zone to the 80th degree. The 
isoUted outposts scattered at such immense distances over 
the snr£»ce of this plaaaet prove that the oolitic formation is 
Bot a partial or local deposit, but that it has spread over by 
hx the greater portian of the earth's surface.* 

Tiding a gesraral stratigraphioal view of the whole oolitic 
series, it may be said to consist of four great masses of 
ealeazeous or partially permeable strata separated by thick 
deposits of clay. Thus tiie Portland oolites, limestones, and 1 
sands repose on the Einimeridge clay. 2ndly. The coral rag 
and calcareous grits of Headington rest -on the Oxford clay, 

• P'Orbi|;ny. 
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Srdly. Beneaih this eome the eornbrash and Bath, or great 
oolite, resting on the foUer's-earth. Below this, agam, is the 
inferior oolite, and its accompanying sands resting on the 
thick mass of the lias day. 

This remarkable alternate succession of porous and imper- 
meable beds, gives rise to innumerable springs all over tiie 
oolitic country ; and the repetition of similar beds gives rise 
to similar phenomena from the top to the bottom of the 
series. Thus, the Eimmeri^e clay, which probably varies 
in thickness firom 70 to 600 or 700 feet, throws out the water 
which sinks through the porous beds of Portland stone 
sand. Hence in sinking wells through the Portland 
which are usually less in thickness than the Eimmeridge 
clay, water will commonly be met with at no very consider- 
able depth ; whilst weUs sunk in the clay may posably have 
to penetrate 700 feet before deriving any water, wbieh can 
only arise from the coral rag beneath. The Kimmeridge clay 
is usually of a bluish slate colour, and frequently eontaios 
beds of bituminous coal. Sometimes, however, the colour 
approaches more to that of grey, and is sometimes even 
yeUowish or reddish brown. It has an unctuous, greasy 
feeling when rubbed, and has frequently a fissile, laminated 
appearance, owing to the presence of vegetable matter. 

The French geologists estimate the upper division of the 
oolitic series, from the top of the Portland rock to the base 
of the Kimmeridge clay, at 700 feet in thickness, 200 of 
which they assign to the Portland rock and sand, and 500 
feet to the Einmieridge clay. In the neighbourhood of 
Weymouth, the Portland stone and sand are each about 80 
feet in thickness ; and the Einmieridge clay, at the village 
of Kimmeridge itself, is about 600 feet, but it gradually 
becomes thinner, till at Oxford it is reduced to 70 feet. 

Dr. Fitton gives the following thicknesses : — PorUani 
Stone — ^In Portland Island, between 60 and 70 feet; at 
Bwindon, 60 to 65 ; at Oreat Hazely, in Oxfordshire, 27 feet ; 
at Brill, about 28 feet ; near QuaintoUi and Whitchurch in 
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fiaekingbamsbire, from 4 to 20 feet. PorUand Sand — 'Seta 
St. Alban's Head, in the Isle of Parbeek, 120 to 140 feet ; 
in the Isle of Portland, 80 feet ; near Thame, in Oxfordshire, 
about 50 feet. 

According to Sir Henry de la Beche and the Dean of West- 
minster, the thickness of the Eimmeridge clay in the bay 
from which it takes its name is 600 feet ; bat they state the 
thickness at Ringstead to be only 800 feet. Sir Henry de la 
Beche considers the general thickness in the south-west of 
England about 500 feet. Dr. Fitton says it is only about 20 
feet thick in one of the Headington quarries near Oxford. 

The Portland oolite and sand, as well as the Kimmeridge 
clay, are marine deposits, in which littoral shells appear to be 
mixed up with those inhabiting deeper water. Some parts of 
the Kimmeridge clay contain so much bitumen as to inflame 
spontaneously, and continue smouldering for long periods. 
8ome of the bituminous beds are used for fuel in the neigh- 
bourhood of Kimmeridge. 

Water issues abundantly round the edges of the Portland 
sand, where it is underlaid by the Eommeridge clay. In 
sinking'through the latter the small quantity of water which 
is met with in the partings is usually of inferior quality ; and 
it is commonly necessary to sink through the whole thickness 
of the Kimmeridge clay before finding an abundant supply 
of good water. The supply for Boulogne- sur-Mer is obtained 
from springs at the top of the Kimmeridge clay, but the 
quantity is miserably deficient. An attempt is being made to 
procore an additional quantity by sinking in the day. This 
attempt will probably fail, although the cliffs are extremely 
wet, owing to the percolation of water into the minute sandy 
partings of the clay. 

THE OORAL BXa AND OXFOBD 0LA7. 

The coral rag in Wiltshire, according to Mr. Lonsdale, is 
230 feet in thickness. On the coast, near Weymouth, Sir 
H. de la Beche gives the thickness at 150 feet. The Oxford 
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tky at Weymouth is aboat 800 feet in thicknefls, but 8ir H. 
de la Beehe connden the general thickness in England abont 
000 feet. The Frmieh geologists differ considerably from 
the English in estimating the thickness of these formations. 
They assign nearly 1,000 feet to the Oxford oolite and coral 
rag, and nearly 600 feet to the Oxford clay.* 

The coral rag is so named because the central part of it 
consists of a loose mbbly limestone, which is almost entirely 
composed of an assemblage of bnmching corals belonging to 
the family of the madrepores. Above this central coralline 
mass are beds of calcareoos freestone, tolerably close in tex- 
ture, frequently very indistinctly oditic, but sometimes con- 
sisting of sneh large oviform grains as to have occasioned 
the name of Pisolite (pea stone), which was applied to it by 
Mr. Smith, the father of English practical geologists. Below 
the coralline part are yellowish, sandy, calcareous beds, 
traversed by irregular strata, and c<mcretions of indurated 
calcareo-siliceous grit stone. 

The water of the coral rag is frequently impregnated with 
iron, which is commonly abundant in the lower sands of l^e 
series. The coral rag of Westbury, in Wiltshire, has been 
worked for iron smelting ever since 1860. This formation 
ia one of those which, owing to its loose incoherent natnre, 
and to the fissures which traverse it, is found to engnlph or 
swallow up the streams flowing over it, especially those 
whose course is opposed to the natural dip of thci beds. 
Several examples of this may be seen near Headington in 
Oxfordshire, where the small streams which flow from the 
lurfaoe of the Kimmeridge clay towards the Cherwell ar« 
frequently lost in passing over the coral rag. 

The Oxford clay is a thick mass of dark blue tenacions 
clay, frequently mixed with calcareous, and sometimes with 
bituminous matter, and abounding m places with septana 
and argillaceous geodes, traversed by veins filled with carbo- 
nate of lime. Many of the beds contain sulphur in the forni 

^ J>*Orbigny*s Conn Elexnentair^, 



OB OOLITIC BEBIRS. 105 

of mm pyritefl, besides sulphates of Hme, gypsmn, and mag- 
nesia. These mineral ingredients often impregnate the 
waters of this formation to such an extent as to render 
themTftbabhi for medidnal pxurposes. Some of these waters 
are pargative, as at Staafield, in LineoLuhire; Eingsolifi^ 
Noriihai&ptattshire ; Onnmer, Berkshire ; Melksham and Holtf 
Wiltshire. 

The water of Woodhall ^a, in Lincolnshire, which is 
draim from a well in the Oxford clay, is stroi^ly impregnated 
with iodine and bromine. Chalybeate and other mineral 
springs occur in the Oxford di^ of Wiltshire. It is vsoally 
necessary to sink a considerable depth in order to procure 
water in the Oxford clay. A well, 478 foet in depth, has 
been sank throagh it at Boston, in Lincolnshire, without 
obtaining an adaqnate supply. The well at Woodhall is said 
to be 840 feet in depth,* having been sunk as an attempt to 
procure coaL A brine q>ring, however, was met with at a 
depdi of 500 feet, and this is the one which contains the 
iodine and bromine. From the account given by Dr. Gran- 
ville of the strata passed through, the water appears to come 
Irom the combrash at the base of the Oxford clay. 

TBS OBEAT OOUTB AND FULLEB*8-EABTH. 

The beds ranked by geologists under this name vary much 
in composition in different parts of the oolitic range. The 
combrash, however, generally appears to succeed the Oxford 
clay, and interpose between it and the oolitic beds, from 
which this part of the series takes its name. The combrash 
is a loose rubbly limestone, of a grey or bluish colour when 
broken, but on the outside usually brown and earthy. It 
rises when quarried, commonly in thin beds, and is seldom 
altogether more than 15 or 16 feet in thickness. The great 
oolite, in Yorkshire, consists of sandstones, shales, and lime- 
stones, about 280 feet in thickness, and is not succeeded here 

* Granyille on the Spae of England. 
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by foller^f-eirtli, bat by a masi of sandstonM and shales of 
280 feet, which eeparate the great oolite from the inferior 
oolite. In Lineolnshire the combrash is about six feet thick. 
To thia ineceed beds of claya, shales, shelly, and marly 
oolites, and, in the lower part, sands which rest on the inferior 
oolite. The whole thickness of the great oolite, and of the 
sands which correspond with the fdller's-earth, is not more in 
Lincolnshire, according to Mr. Morris, than aboat 116 fieet, 
while, in Yorkshire, the thickness is more than 500 feet. 

In the south-west of England, as in the neighbonriiood of 
Bath and Frome, the combrash is succeeded by sands, and 
by beds termed forest marble, which are sometimes 100 feet 
in thickness. Then comes the Bradford ckky, 40 to 60 feet; 
then the great oolite, 40 to 120 feet, and below this the 
fuUer's-earth, which at places is 180 feet thick, and at 
others, thins out almost to nothing. The great oolite and 
foUer's-earth together, in the south-west of England, vary 
from 80 to 410 feet.* The French geologists assign a much 
greater thickness to this part of the oolitic series. They 
estimate the CaUovien formation, which corresponds with 
the lower part of our Oxford clay, and with the Eelloway 
rock, at 500 feet. To the Bathanien formation, which 
corresponds with our combrash and great oolite, they assign 
a thickness of 200 feet. The fuller's-earth {terre a foulon) 
ranks with them as a member of the Bajocien formation, 
which comprises also the inferior oolite, having a total thick- 
ness of 200 feet. The Bradford clay where it occurs overlies 
the great oolite, but is commonly wanting, except in the 
neighbourhood of Bradford, on both sides of which it thins oat. 

The great oolite, so well known from the large quarries at 
Box, Farley Down, Bradford, and Comb Down, consists at 
top and bottom of shelly, rubbly oolites, enclosing a central 
mass of fine-grained oolitic freestone, varying from 10 to 90 
feet in thickness. It is this freestone which is so extensively 

* Morris <m the LincolnBhire Oolites. Geological Journal toI. ix 
p. 817. 
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worked in the neighbourhood of Bath, bat its quality ia by 
no means equal to that of the lower oolite, which haa a much 
tougher and more crystalline stmotnre. 

The same general rule which has been before alluded to, 
as to the occurrence of water on the surface of clays under* 
lying permeable rocks, applies to this part of the oolitic 
series. Where clays support the combrash and separate it 
from the great oolite, springs of water are found and water 
is easily procured from wells. The fuller's-earth again throws 
oat the water which sinks through the great oolite, in which 
the wells are commonly of considerable depth. 

The combrash, like the coral rag, is remarkable for ab* 
sorbing the water of streams which flow over it. Messrs. 
Conybeare and Phillips observe, that about 80 swallow holes 
may bo noticed in the space of half a mile around Hinton, 
in the sandy combrash of Somersetshire. A similar pheno- 
meD in occurs to various branches of the Bye about Eirby 
Moorside, and Helmsby in Yorkshire. 

The springs which break out from the fuller's-earth where 
this passes under the great oolite are usuaUy very copious. 
These springs are very abundant in the town of Erome and 
the acQacent valleys It must not be supposed that the mass 
to which the name of fuller's- earth has been given consists 
entirely of this peculiar substance. At Bath, and in the 
neighbourhood of Frome, where the fuller's-earth formation 
is best developed, the upper part consists of 80 to 40 feet of 
bine and yellow clay, then 5 to 8 feet of trae fuller's-earth, 
succeeded by 100 feet of brownish clay, frequently inclosing 
beds of tough mbbly limestone, called the fuller's-earth rock. 

The town of Cirencester is supplied chiefly from wells 
sank into a gravel bed resting partly on the great oolite 
and partly on fuller's-earth. The deeper wells sunk into 
the fuller's-earth yield very copious supplies of water. The 
engine for suppl3dng the summit level of the Thames and 
Severn Canal pumps more than three million gallons p^ day 
from a well in the fuller's-earth. 
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In aO th« deep TADeys in the oolitk nnge mieh as Ihose 
of Oireneaflier, Strondy mud Bradford, immeiifle ydnmes of 
Wftiar are thrown oat by the fiodler'B-eorth, many of the 
■pringSy like thoeo at Boxwoll and Ampttej QmoB, sear 
Ciraneoitery yielding several million gaUons a day. 
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In Torksbiie the inferior oolite ia about 80 feet in thiek- 
; m Lineolnahire, 20 to 60 feet ; and in the West of 
England^ in the nei^bonrhood of Bath and ChelteBham, 
180 to 280 feet. Mr. Lonsdale gives 180 feet as the general 
thiekness in the hills around Bath, and observes thai the 
upper 60 feet oonsist of limestone, having a distinetly oolitic 
eharaeter, while the lower 70 feet consist chiefly of sand, 
Jightly ealeareoos, with irregolar concretions and eonnes 
ef limestone. In the Cotteswold hills, near Cheltenkam and 
Leckhampton, the apper portion consists of sandy beds, the 
middle of good freestone of a yellowish white colour, and the 
lower bed is a pisolitic rock composed of rounded or flattened 
grains about the size of a pea, cemented by a oaloareons 
paste. 

The lias consists usuaUy of three principal divisioos, 
namely, the upper marls and shides, the marl-stone or blue 
lias rock, and the lower lias marls. The thickness of the 
lias in England varies in different places, and according to 
different authorities from 400 to 600 feet, and in Leckhamp- 
ton Hill, in Gloucestershire, the late Mr. Strickland estimated 
the thickness of the three members composing the lias at 750 
feet. In the neighbourhood of Bath, according to Mr. Lons- 
dale, the whole thickness of the Has is under 800 feet. Among 
the French geologists the Bajocien formation, which includes 
the fuller's-earth and inferior oolite, is estimated at aboat 
200 feet, while the united thickness of the three members of 
the lias, namely, the Towreiai^ the Lianen^ and the Swi- 
murien stages are estimated at nearly 2,000 feet. 
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The French geologists consider the whole thickness of the 
oolitic series from the top of the Portland rock to the base of 
the lower has shales to be nearly 5,100 feet. 

The lias throws out springs at its junction with the 
inferior oolite, just in the same manner as the fnller's-earth 
does where it nnderlies the great oolite. These springs are 
very eopions in the Mendip district, where the inferior oolite 
rests sometimes on lias, but often overlaps the edges of the 
latter, and reposes on the highly inclined strata of moon- 
tain limestone, which flank the Mendip range. The towns 
of Gloncester and Cheltenham both derive their supply of 
water from springs which rise at the base of the inferior 
oolite, where they are held np by the Has. Shepton Mallet 
and other smaller towns in Somersetshire are supplied in the 
same way by streams of rtmning water, which have their 
origin from springs arising in this mann^. 

The mineral waters of Bath are derived from springs thrown 
oat hy the Has, while those of Cheltenham and Qloncester 
are drawn from wells sank in the lias. Cheltenham and Glou- 
cester spas contain a large proportion of the muriates and 
sulphates of soda, while the Bath water contains a very small 
quantity of the salts of soda, but a notable proportion of 
sulphate of lime. The Gloucester and Cheltenham waters 
also contain a grain of bromine in 6 to 10 gallons of water, 
while the presence of this substance has not been noticed in 
any analysis of the Bath water. The thermal springs in Bath 
vary in temperature frrom 80° to 120*^ Fah. 

The principal places situated on the oolitic formation 
in England are Whitby, Scarborough, Malton, and Market 
Weighton, in Yorkshire ; Lincoln, Sleaford, Grantham, 
Bourne, and a few smaller towns in Lincolnshire. Proceed- 
ing southward, the following towns are also on this forma- 
tion: — ^Oakham, Stamford, Peterborough, Uppingham, Mar- 
ket Harborough, Huntingdon, Higham Ferrers, Northampton, 
Bedford, Evesham, Banbury, Buckingham, Oxford, Witney, 
Btroad, Tewkesbury, Cheltenham, Gloucester, Cirencester, 
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Fftirlard, Lechbde, FsziiigdoB, AUngjAon^ Hi^woiih, Crick- 
lade, Calne» Milwiwhttiy, Ottppfnhin, Bsih, Mdksham, 
Bmdibrd, Trowbiidge, Frone, ShepUm Mallet, Braton, 
GlMionbory, Sheibonie, Yeovil, Tlmingter, GiewkeiDe, Ax- 
minster, Axmooth, Chanaggtli, Bn^poity and Weymouth. 

THS TBIAB AMD PBBMLUI fflMyUPS. 

Thii 18 the nomeneUitare now eommooly adopted by Eng- 
lish geologute for the old names of new red sandstone and 
the magnesian limestone on which it rests. The trias gronp 
consists in the upper part of variegated red, white, and bine 
marls and clays, frequently abounding in gypsum and selenite, 
while the lower part consists usually of red days and sand- 
stones, being generally much more arenaceous than the upper 
or gypseous beds. The Permian group consists of dolomitic, 
or magnesian limestones, and, in its lower portion, of sand- 
stones, conglomerates, and beds of indurated and cemented 
pebbles or pudding stones. 

The eastern boundary of the trias group may be traced in 
something like a continuous line from the mouth of the Tees 
in Durham to the English Channel in Teignmouth Bay, but 
it is &r otherwise with the western limits of this great fonna- 
tion. The trias and the Permian groups form the last or 
lowest in a stratigraphical sense, of those formations which 
appear to have been deposited in regular, concentric, and 
parallel layers, one over the other. It is true that frequently 
one member of the series above the new red sandstone over- 
laps the edges of another, or perhaps several of those beneath 
it, so that the order of succession is found to have gaps in 
whioh certain strata are wanting. Thus, the lower members 
of the oretaceoua series are frequently found to overlap 
several of the upper members of the oolitic series, so that 
the latter do not appear at the surface at all ; and the forma- 
tion No. d, for instance, is found to be in contact with, and 
immediately reposing on No. 5, the intermediate members 
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S and 4 being wantmg. Notwithstanding this peenliarityv 
wbieh is ehiefly due to what is ealled the thinning out of 
partieular fonnations, there is a general order of soper* 
position, and a general parallelism of dip, throughout all the 
fonnations we have been considering, and this parallelism 
extends to the base of the Permian series. This parallelism, 
termed by geologists the eonformability of strata, indieates 
that during the vast intervals of time which the Permian and 
the superior gronps have required for their deposit, no very 
striking elevatory movements of the earth's sor&ce have taken 
place ; and, at all events, that no very important movement 
has taken place in the interval between the completion of one 
formation and the deposit of the next succeeding one. 

Bat when we look beneath the Permian formation, we find 
a widely different state of things. We find that movements 
in the crust of the earth, on a scale^ almost too vast for com- 
prehension, must have taken place between the deposit of 
the paheozoic, or first-formed rocks, and the commencement 
of that great parallel series which commences with the Per- 
mian group. In the language of geology, we find the meso- 
zoic or middle-life series of rocks, resting unconformably on 
the palaeozoic or early-life series. Sometimes the trias or the 
Permian group rests upon granite or syenite, as on the flanks 
of the Malvern Bills ; sometimes it rests on carboniferous 
limestone, or other members of the great coal series ; some- 
times on the old red sandstone ; and sometimes on the still 
more ancient rocks of the silurian series. Whatever forma- 
tion it rests on, however, the stratification of the older group 
is never conformable, or parallel with that of the newer. The 
beds of the trias and Permian group in England are usually 
horizontal, while the older rocks on which they rest are com- 
monly inclined at high angles, and are sometimes nearly 
vertical. This remarkable absence of parallelism shows that 
in the interval between the close of the palaeozoic and the 
commencement of the mesozoic period, immense subterranean 
forces must have been at work to overthrow and break up the 
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rooks and othon, all varioiisly and kngaHMiky stnftified.* 

Thaae plains oommeneo north of Gaiiialo and Sendsdud, 
on tho opposite sides of Knghmd, and sksi the elsYsted 
mountain distriet of Durham, Wostmovdaad, Toshsfaire, Lsn- 
oashire and Derbyshire, as fiir south as Nottini^bsm «&d 
Newoastle-nnder-Ljnie, between which pbees they border 
the elevated district of Staffordshire and Doibyshhe. The 
extreme horse-shoe boundary of the mountain dktnct tbos 
skirted by the Permian and tries groups from Tynemoath 
round by Nottingham and Neweastle-nnder-Lyne, and th^ce 
northward to Newcastle-upon-Tyne is not less than 850 
miles. On the east side the breadth of the |dain8*will> pro- 
bably, not average less than 18 miles, while on the west side 
the breadth is seldom more than 8 miles, except in the pbuns 
of Oheshire, and in the vaUey of the Eden, near Carlisle. 

Throughout the whole of this ^rtenfflve boundary of the 
palnosoio rocks the magnesian limestone underlies the new 
red sandstone, except in the southern part from Newcastle- 
under-Lyne to Nottingham, and in a part of Lancashire 
between Ulverstone and Preston, where the magnesian lime- 
stone has not been observed. The principal devdopment of 
the Permian group extends on the eastern side of the moos- 
tain district from the mouth of the Tyne to Nottin^sm, a 
length of about 160 miles. Throughout this extent it oc- 
cupies a somewhat depressed range of hills resting on the 
coal measures of the Durham, Yorkshire, and Derbyshire 
coal fields. The average breadth of this tract of magiiesiftn 
limestone on the sur&ce does not exceed 8 snles, but it 

• Oonybene and PhiD^ 
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foinislieg abtrndant supplies of exoelleni lime in the neigh* 
bonrhood of Knuresboroii^, Knotiingley, and other pJaees in 
Torkai^e. In Derbyshire are the famous quarries of Bol- 
sover Moor, Anstone, and other pkees, which haye sup« 
plied the stone for the New Houses of Parliament, and for 
many ancient and celebrated edifices all over the north of 
England. 

The magnesian limestone in its chemical composition con- 
sists of nearly equal proportions of carbonate of lime and 
earbonate of magnesia, and has commonly a more granular 
and sandy structure than common limestone. The varieties 
wMch make such excellent lime at Knottingley, Einnersley, 
and Brothwston, are usually hard, bluish- white, thin bedded 
limestones, while the best building stones of the formation 
are nsually bufT-coloured or yellowish freestones, which dry 
to an almost white colour when they lose the quarry water. 
In the neighbourhood of Nottingham the Permian formation 
contains thick beds of quartz gravel. Throughout the 
western part of its range the magnesian limestone from 
Preston by Manchester, Stockport, and Cheadle, is seldom 
more than a mile in width, but in the vaUey of the Eden its 
breadth is about 8 miles. 

The trias formation occupies the space between the mag- 
nesian limestone and the^lias on the eastern side of the 
island, while on the western side, between Liverpool and 
Carlisle, it occupies the space between the sea and the mag- 
nesian limestone, or the older rocks- where this is wanting. 

In Cheshire and Salop, the trias or new red sandstone 
OGcapies an extensive and regular plain of about 50 miles 
from north to south, and about 25 miles in breadth, inter- 
rupted only by a patch of lias which exists in the neighbour- 
Wdof Wem. 

Soath of the Trent, the great plain of the trias consists 
of a triangular area in the counties of Stafford, Leicester, 
Worcester, and Warwick. The base of the triangle from 
Leicester to the Shropshire coal field is about 55 miles, and 
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iU length, from the base to the apex, at NeivvJiam, m Glon- 
cestershire, about 75 miles. The eastern boundary of this 
triangular district is new red sandstone underlying the lias, 
and the western boundary is a narrow strip of the Permian 
rocks, averaging about two miles wide, either resting or 
abutting on the coal measures of the Shropshire and Cole- 
brook Dale coal fields, or the syenitic rocks of Malvern, or 
the Silurians of Micheldean and Newent. In the midst of 
this great triangular plain of new red sandstone are three 
islands, in which the older rocks are protruded throogh the 
surface and occupy a considerable area. One of these islands 
consists of the elevated syenitic district of Chamwood forest, 
and the coal field of Ashby-de-la-Zouch, near lieicester. 
Another is formed by the syenitic hills of Nuneaton and the 
small coal field which flanks them on the western side. The 
third island consists of the Staffordshire coal field, betweeu 
Birmingham and Wolverhampton, with its remarkable accom- 
panying trappean and silurian rocks in the neighboorhood of 
Dudley. A patch of magnesian limestone appears on the 
western side of the Tamworth coal field, and a similar zone 
entirely surrounds the Staffordshire coal field, being usually 
faulted against the coal measures, not resting on them as iu 
the north of England and in the south-west. 

The new red sandstone throughout this great triangular 
area has the usual typical characters of the formation ; the 
upper beds being the most argillaceous, and containing in 
places large quantities of gypsum. The variegated colours 
are chiefly peculiar also to the upper beds. The more arena- 
ceous beds, and those which become indurated into stone, 
as distinguished from the upper marls and clays, are usually 
the lower beds of the series, and these are generally either 
red, or, more rarely, buff coloured. 

Occupying a narrow gorge in the valley of the Severn at 
Newnham, the new red sandstone passes through Glouces- 
tershire, Somersetshire, and Devonshire, to the sea coast in 
Teignmouth Bay. It is usually accompanied by its under- 
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lying beds of magnesian limestone, which in the foath-west 
is commonly a hard conglomerate or hreccia, containing 
angular fragments of carboniferous limestone and old red 
sandstone. As in the northern parts of England the trias 
and Permian formations sorroond the older elevated coal 
fields in the neighbourhood of Bristol. In the same manner 
they mantle round the Mendip Hills and overlap the edges of 
the old red and carboniferous limestone of Devonshire and 
Somersetshire. The mode in which fragments and masses 
of magnesian conglomerate hang on the sides of the older 
rocks in the neighbourhood of Bristol, and in the deep pic* 
tnresqae valleys of the Mendip Hills, is highly suggestive of 
specTilation. One sees in imagination that ancient sea filled 
with the huge detritus from disrupted mountains of lime- 
stone, millstone grit, and old red sandstone. One connects 
the broken truncated fragments which hang on the precipitous 
Bide of a valley with those which appear on the opposite 
side, and marvels at the mighty agencies which have thus 
in succession formed and broken up, and again and again 
repaired the shattered surface of this planet. Great and 
infinite are the wonders revealed by geology t 

The trias formation is largely developed both on the con- 
tinent of Europe and in those of America. It exhibits itself 
in the P3nrenees, in the Yar, on both slopes of the Yosges, 
and in Normandy. In other parts of Europe the new red 
sandstone is represented in Germany, Belgium, Switzerland, 
Sardinia, Spain, Poland, Bohemia, Moravia, and Russia. Beds 
of it appear in tiie United States of America, and cover vast 
surfaces in the republic of Bolivia in South America. They 
have been traced in Columbia and in Mexico, and may be 
said to extend from 20^ of south ktitude to 48"=^ north. 

The Permian formation has a still more extensive range, 
and is said to have been identified by means of its fossils as 
far north as Spitzbergen, in the 80th degree of north latitude. 
It derives its name from the government of Perm in Bussia^ 
where the formation is largely developed. 
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nor the Penniaa groiipB rise in this 
nor do they present that regular 
the more reeent formations, and hence 
il m that BaaMvea ef ahaolnte thickness are difficult toobtam. 
Ker SM tMk MeaMvea of mach Taine in formations of tins 
kiM^ as Iha 4if4h ef smking required to penetrate throng 
liaa via vMj ^Mtly in diilerent localities, and the gedo- 
fbl's mtmm% of thiehiiiwi inll throw very little li^^t on 
Ihia fa a alwa l pant of the qneatiim. 

Mwan. Coa y he a io and Hiillipe qnote several instances of 
|te tank froM 600 to 790 feet through the new red sand- 
■ to w wtthovl fsofhing tiie bottom. Two of these sinkings 
wwain Iha soi ty of DQAam,and one at Evesham, inGlon- 
aanlatnlai»> IVej also ohawe that in shafts sank from the 
Ihmi ^wn to Iha ec^ measiuee at Poeklechiireh, in Gloaees- 
leiahive^ Iha ttiaa and Pttrmian gronps together were not 
tkui Ittleel in ikiekneaa. In fact, in the eouth- 
at Snfhaid wheie the new ted sandstcme is spread cot 
•var tka np>«nei edgaa of the earbooifBrona rocks, there 
are mai^ plaaaa whaaii ft tluna ont to only a &w M of 
thiekneaa. 

Mr* Bmne J* a athnatiw the ihiekneas of the red and tarie- 
gated mnrti and aan^tonea of COieahire at nearly 2,000 feet. 

Mesaia* Con y ha a ie and PhiUqie state the average thickness 
etthe Fanuan and tiias gronpe together, in the south-west 
of £n|^and» at abont 200 leeC 

The Batauan aenea is ako exoeedingly variable in thick- 
neea^ In Detbyahire the thiekneaa Is given at about 800 feet 
by Meaava« Oonybeaie and Phillips, while they observe that 
in CUamerganahire the thiekneaa vanea in eontigooiu difs 
£rom 90 inehea to aa many feet. 

M. D*Orbigny eetimates the entire thickness of the trias 
group al abovt 2,860 feet; and that of the Permian at from 
1,000 to 8,800 ieet. 

The anrlace of the new red sandstone is perhaps moit 
« FtooeediDgs of Geological Sodefy, ^voL iL p. U. 
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covered than that of any oiker fonnation with gravel and 
other detritus, which is sometimes porous, and at other 
places impermeable to water. Professor Sedgwick describes 
the new red sandstone sur£eu>e in the vaUey of the Eden, 
*' as buried for miles together under great heaps of old 
allavial detritus." 

Where wells are sunk into the gravel lying on the stiff 
clays and marls of the upper new red sandstone, an abundant 
supply of water is commonly procured in domestic wells 
from the land springs which are sure to be met with in 
such situations. These supplies, however, are generally 
quite inadequate for a town of any considerable size. In 
deeper sinkings into the variegated clays and marls of this 
formation wells have to be sunk a great de|>th, namely, down 
to the sand or sandstone beds, in order to produce any lazge 
qoaatity of water. Nearly all the principal towns which 
have procured large snppUes by sinking in the new red 
sandstone, as Manchester, Liverpool, Nottingham, &c., are 
sitaate on the arenaceous part of the formation, which is 
much more absorbent of water than the superior clayey and 
marly portions. 

The new red sandstone of Cheshire and Lancashire may 
be separated into three principal divisions. According to 
Mr. Ormerod,* we have, in descending order — 

The saliferotus and gypseous beds of Church Law- 
ton, near Congleton 649 

The corresponding beds at Northwich and Mid- 
dlewich 808 

1457 

Take the mean of these, or •••••• . 700 

Waterstone beds 400 

Sandstone beds corresponding with the Banter Sand- 
stein of continental geolog^ .•••.... 600 

Total 1700 



• On the salt field of Che8hire.--Frooeeding8 of the Geologioal 
Society, vol. iv. p. 262. 
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TW i&pOk of the beds hfta been well aaeerUined in Cheshin, 
in eoneequenee of the nnmeroiu nnldngB for rock salt and 
brine springs. Iffr. Ormerod obserres thai all the above 
IhiBhaesses are probably nnderstated. 

The saliferOQS maris of Cheshire, Staffordshire, and Wor- 
eeeUnhire form a very interesting portion of tiie tms 
gronp. The whole of the new red sandstone district is 60 
mtteh interaeeted by fonlts, that the depths both of ihie rock 
aah and of the brine springs present great anomalies. 

The thickness of onprodnctive gypseons marls, and clays 
oreriying the salt measnres, is freqnently as mneh as 300, 
and. in soma plaees» even 450 feet. The brine springs 
romsMMily rise in the shafts to a mnch greater height, often 
100 feel hi^ier than that at which they are first tapped. 

At Uiddlawichy which appears to be the centre and focm 
of the sah^pvodacing district, the first brine spring is met 
with below a layer of black gravel abont 9 inches in thick- 
tt<MS« between two horisontal beds oi indurated clay or rock 
al a depth of abont 78 feet from the surface. This brioe 
spring riaea lo the hei^t of 18 feet from the sorface. Two 
other brine q^rings are met with at Middlewich at depths of 
Ii6 and 144 fo^ The brine springs of Middlewich contain 
from 88 lo 4ft oonees of salt in each gallon. The Stafford- 
shire brine fringe in the neighbonrhood of Ingestrie, near 
8lafbid» contain about 34 ounces per gallon. The Stafford- 
shire salt bed» although separated from the Cheshire by the 
North Sta&rdshire coal field, and by a tract of the lower 
8andstone> oecurs like the Cheshire, beneath about 800 feet 
of red and gypseous marls. There are numerous mineral 
springs of medicinal water in the new red sandstone district, 
the most celebrated of which are those of Hartlepool, Croft, 
Harrogate, and Askem, in the North of England. In the 
southern and midland counties, mineral springs occor at 
Leamington, Tewkesbury, Ashby-de-la-Zouch, &c. Most of 
these contain large quantities of common salt, together with 
the muriate of magnesia and other purgative salts. 
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The Permian groap, as deseribed by Mr. Binnej and Mr. 
Ormerod, in Lancashire, is about 880 feet thick, of which the 
apper 210 feet consist of red and variegated marls containing 
thin beds of limestone, and the lower 120 feet consist of red 
sandstone. The Permian gronp in the sonth-west of £ng« 
land consists usually of a conglomerate or breccia, enclosing 
large angular fragments of carboniferous limestone and old 
red sandstone, and passing upwards either into beds of 
red sandstone, or into strata of fine grained dolomitic or 
magnesian limestone of a yeUowish colour. In the Mendip 
district the magnesian limestone is frequently cavernous, and 
often contains extraordinary subterranean reservoirs of water. 

Professor Sedgwick, in a very valuable paper published in 
the Geological Transactions, vol. iii., Second Series, has thus 
described the subdivisions of the great belt of magnesian 
limestone which extends from Nottingham into Durham. 
It consists, in descending order, of the following :— - 

1. Grey thin bedded limestone. 

2. Lower red marl and gypsum. 

8. A thick deposit of yeUow magnesian limestone, often 
cellular and earthy ; sometimes hard and crystalline. 

4. Variously coloured marls, with thin beds of compact 

and sheUy limestone. 

5. Marl slate, associated with gray, thin bedded, and 

nearly compact limestone. 

6. Lower red sandstone. 

This part of the series in Durham is about 126 feet thickt 
and appears to yield an unusual quantity of water. Professor 
Sedgwick mentions several instances of the great volume of 
water met with in sinking through this formation. One of 
these is Eppleton coal pit, in which this bed was found to 
yield 48,000 gallons of water per hour, or considerably more 
^ 1,000,000 gallons per day. Other cases are mentioned, 
^ the new water- works at Bishop Wearmouth, and pits sunk 
by the proprietors of the Hetton coal works, in which very 
copious springs were encountered in this formation. 
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Mr. Slapkeoioay in his seeond report on the sabjeet of a 
■priagwatar snpi^y from Watford, mentions the saljeot of 
tba aztiaordiaary yield from the lower bed of the Pnmian 
in tba coontj of Dorham. He states that frrom two 
sank within a lew yards of each other, the incredible 
^aaality of 14»000y000 gallons a day has been pninped up 
from tba stntom of sand which crosses them. This stratum 
of sand is described aa lying between the magnesian lime- 
slona and tba eoal formation* and is, therefore, probably, 
fclaatical with the lowor red sandstone of Professor Sedg- 
wick's sabdiTisioik. 

Tba following are the principal towns in England sitoated 
aa tba Inaa and Permian formation : — 

L In tba valley of the Eden — Carlide, Penritht and 

Appleby. 
%, On tba western side of the great Lancashire and Der- 
byshire eoal fields are Lancaster, Preston, Liverpool, 
Manchester, Stockport, Chester, Northwich, Middle- 
wich, Congleton, Wrexham, Market Drayton, and 
Sbiawsbniy. 
S«. On tba aastem side of the Dnrham, Yorkshire, and 
Kottinghamshire eoal fields are Sunderland, Dar- 
lington, Stockton, Thirsk, Bipon, Eaiaresborough, 
To^ Fontefraet, Doneaster, Gainsborough, Newark, 
andypttingham. 
4* la tba midland district, south of the great Derbyshire 
eoal field, are Stafford, Bnrton-on-Trent, Derby, 
Loo^^iboroo^ Leicester, Lichfield, Penkridge, 
ShiffiMdl, Wolyerhampton, Bridgenorth, Stonrbridge, 
Eiddeiminsler, Biimini^am, Coventry, Warwick, 
Lsamington, Droitwich, and Worcester. 
In tha west of Sa^^and are Bristol, Wells, Bridgewater, 

Taunton, Exeter, and Teignmouth. 
AUhoiigh the capacity of the new red sandstone for 
abttorbiivg water has been much insisted on of late years, it 
1m nMuarkabli how fi»w of the towns situate on this formation 
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are supplied from deep weOs. The kng 

mentary contests with reference (o the 

pool, Maochestery and Binning 

of the public. In all these eeece the raaidt 

deep and expensive wells have 

corporation having obtained poetwiiiM ef 

pumping establishments, is now^ under the 

ing advice, laying out very lazge 

reservoirs to collect the water from a 

of pumping it from the sandstone. 

The following partieolars, as to the sapplj ef • 
of the principal new red sandstone towas, wiH mrwt tb ««w 
the means at present eonunonly leeuiltiid to far ha^ ftofne 
supplies of water in new red sa 

Birkenhead. — Bnpplied from two wcDs, 
about 95 feet in depth, with a hmng of dClO ieet m idiO 
bottom, thus making a total depth of 9^ ittL 

Each well, or shaft, is 9 feet in dii^rtfr, esiik m ikjtt t*A 
sandstone rock withont hmng or ^Aekmrnf^ ei m:j kJ^L 
The boring commences with a diiMftrr of 2S iftta«o, somI 
diminishes gradually to 7 inches, whaek is the mxe id iJut 
last 110 feet. When not acted on by prnpia^ ibtb w«i^ 
stands at 93 feet from the waAee; and witem wb::jjA hj 
pumping to the level of 184 feet below the sar£iee, the wdi 
yields 2,000,000 gallons per day <tf 24 hours* (LoiLao^^ 

Birmingham, — Originally si^^ied from the inr«r Tttaut. 
In 1855 the snpply was increased hy the additioB of a hyge 
drainage area in the nei^^bboorhood* Li 1866 the Comy^a^y 
was authorised to erect new woiks, and sink ihafre mU* 
the new red sandstone^ in order to meet the defidency from 
the fiiver Tame. The Company is boond to rednee aimaaily 
the snpply from this liver anffl 1872, "mhok the pmiapi&g 
from the Tame is to cease altogether. 

The Birmingham Company was incorpoeated in 1826 for 
the purpose of supplying water to the town from the river 
Tame, their capital being £120,000. In 1854 they came f o 
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ParlLunMit. and mc reM ci Ocir afiyi to £2iO/M)0, wHh a 
borrowing pomr of £M.OOO. !■ l^^i fte Company again 
eftmo to Parliameat, iftd tkeir itiiHL opial im fixed at 
£420,000, with bocrowiag yo m mMM ma€ giaw i wling altogether 
£106,000.« 

In the prerioQs Arti llio Cam p a mj wmm eonfined to iakmg 
their supply from the rirer Tobo; hat the Aet of 1855 
ftathorised Beveral new eoiirees. Tiz., the Hmwthoni Brook, 
Perry Stream, Upper and Lower Wilton Bods, and tbe rivsr 
Blythe. 

The two first of these are smaD streama lloinng into the 
Tame, the former at the viDage of Hanipatead, and the 
Utter at Perry, abont 8i miles north ofBinninghain. 

The river Blythe flows throng the gypseous part of the 
new red sandstone formation. Its general eonrse is north 
and south, at a distanee of abont 8^ miles east of Birming- 
ham, It flows by Coleshill, where it joins the Biver Cole, 
and the united stream fiills into the Tame at Onston Grange, 
about 2 miles east of Water Orton. 

In his evidence on the Bill of 1865 Mr. Hawkesley de- 
scribes the very minute examination of all the sonrees of 
supply which the neighbourhood affords. The streams of the 
Blythe, the Rea, the Cole, and tbe Arrow were all examined, 
and rejected as unfit for use, because they were £Eur too much 
polluted, and the Blythe on account of its hardness and the 
quantity of sulphate of lime which it contained, this being 
attributable to its flow throu&rh tbA gypseous marls and clays 
of the new red sand"*'""*'* 

After most careful examination he recommended the 
water in the streams of Sutton Park, and that to be obtained 
from deep wells reaching the sandy part of the formation at 
Aston, Edgebaston, Witton, and Sutton Coldfield. 

It appears that in 1865 the Company had already com- 
menced sinking at Witton, which is on a small stream flow- 

* Eridence on Binningham Water Bill, 1865. 
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mg into the Tame at Aston, and although they failed to 
obtain power in 1865 to execute the other works reeom* 
mended by Mr. Hawkesley, yet in the following year, 1866» 
they saeceeded in passing their Bill. 

The Act of 1865 authorised the Company to divert and 
appropriate both the streams flowing from Sutton Park, 
together with the water of certain pools formed by embank* 
ing those streams. They were also authorised to sink a shaft 
and drive adits in the neighbourhood of Sutton Coldfield. 

Many persons interested in Bracebridge Pool, and other 
pieces of water on these streams, objected to the abstraction 
of the water. Bracebridge Pool is situate near the source 
of the northern branch of East Brook, about 2 miles north- 
west of Sutton Coldfield. 

The inhabitants of Sutton Coldfield also petitioned against 
the Bill, on the ground that the operations of the Company 
would drain the wells in Sutton Coldfield and the springs in 
Sutton Park. 

The referees, however, reported in favour of the under- 
taking, that there was a probability of good water being 
obtained both from the upper argillaceous beds of the new 
red sandstone, and also from the lowe^ or Permian beds. 
That 2,000,000 gallons a day would probably be obtained 
from the streams flowing from Sutton Park, and an equal 
amount from the shaft and adit proposed to be made near 
Sutton Coldfield. 

It was also proved before the referees that the present 
supply (1865) for the town of Birmingham is in the dry 
season 7,000,000 gallons a day, an amount barely sufficient 
for the then population of about 880,000. 

About 4,000,000 of this quantity is derived from the Tame, 
which is becoming more impure every day, and must be 
soon abandoned. Hence the necessity for a frirther ana 
better supply, especially with reference to new districts 
lying outside the present limits of supply. 

New Forge Pool and Windley Pool, which were proposed 

o2 
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in 1865, an about a mile soatli-weBt of Sation Coldfield, 
about 6^ miles north-east of Birmingham, and are sitaat^ 
on a stream called East Brook, which rises in the high 
grounds of Sutton Park, about 2 miles west of Sutton 
Coldfield, and was the line of the old Icknield Street at 
Thomhill. The East Brook flows south and east by Snttoa 
Coldfield, where it is joined by another small stream which 
rises more to the north from the same elevated ridge, over 
which the Icknield Street is carried. The united stream 
then flows by Holland House, New Hall Mill, and Penn 
Mill, crosses the Birmiogbam and Fazeley Canal at Phmts 
Brook Forge, and £»lls into the Tame at Berwood Hall, near 
Castle Bromwich. 

Under the powers of their Act of 1866, the Company have 
formed a new reservoir at Aston, about 2^- miles north-east 
of Birmingham, adjoining and communicating with their 
old works on the river Tame. They have purchased about 
fifty acres of land at Plants Brook, near Minworth, about 
5i miles north-east of Birmingham, on the Birmingham and 
Fazeley Canal, and completed a large reservoir which im- 
pounds the water brought down from Sutton Park by the 
East Brook, which has been already mentioned. Thesnpply 
of water from this source is said to be large and abundant. 
The Company are also sinking for water in the new red 
sandstone near Perry, which is a village on the Tame, about 
8 miles north of Birmingham. This sinking promises to 
yield a satisfactory supply. 

The Company are also sinking at King's Yale, on the flonth 
side of Barr Common, about 2^ miles south-west of Sutton 
Coldfield, and about 5 miles a little east of north from 
Birmingham. This sinking, however, does not realise the 
expectations of. the Company. The sinking at Witton, which 
seems to have been in progress in 1865, is stiU incomplete ; 
but the directors, in their report of September, 1869, still 
seem to entertain hopes of a considerable supply from this 
linking. 
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The preamble in the Aei of 1865 reeites that the Oompany 
has raised a share e^ital(^i&42D,0(X), in addition to borrow- 
ing £60,000 ; and by the same Act they were anthorised to 
raise an additional share capital of iS886^000, and to borrow 
an additional £84,000. When this capital is aU raised, it 
will amount, inelnding borrowed money, to no less than 
£900,000, for which, on a moderate calcnlation a supply of 
12,000,000 gallonis a day shoold be given. It remains to be 
Been whether this result will be attained. 

There is an important provision in the Act of 1866, which 
limits &» quantity to be taken from the river Tame after 
Janoazy, 1869, to 8,000,000 gallons a-day ; after January, 
1870, to 2,000,000 gallons ; and after Jamary, 1871, to 
1,000,000 gallons ^-day* and declares that after January, 
1872, the Company shall cease to supply any water from the 
Tame for domestic purposes. 

This is qualified by providing that, in certain emergencies, 
ench as frost, drought, Ac., or in casei of the river Tame 
water becoming pure and fit for domestic purposes, that then 
it may be used under certificate from the Board of Trade. 

Mr. Hassard, €.E., has lately prepared a scheme far 
snp^dying Birmingham from the Badnorshire hills, a distance 
of 52 miles from Birmingham. He proposes an immediate 
finpply equal to 22,500,000 gallons a day to be taken from 
the river Teme about 5 miles above Knighton. 

The collecting ground has an area of 86 square miles, or 
23,000 acres, and consists of mountain pasture on the clay 
slate formation. 

Mr. Hassard estimates the cost of his scheme, including 
eompensation, at £1,600,000, or about £71,000 per million 
gallons of daily supply. 

Brid^enarth. — ^Water formerly pumped from a weU in the 
new red sandstone ; but ike supply was insufficient, and the 
town was often without water for days together. Within 
the last eight years & 25-horBe •engine has been employed to 
pomp tho water from the river Severn. There is also a 
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dnplieatd enginoi of 18-horse power. The pnmping lift ifll 
about 279 feet. The eonsnmption is about 210,000 gallonai 
a day, and the supply has never been known to fail sincei 
the water has been taken from the river Severn. 

^mlo2.<— Supplied by gravitation from the Mendip HiUs. 

Cardiff, — Supplied partly from the river Ely, and partly 
Irom storage reservoirs. 

The Cardiff Waterworks Company obtained their first Act 
of Incorporation in 1850, and their powers were further 
extended under Acts of 1858 and 1860. The works were 
designed and carried out by the late James Simpson, Esq., 
who continued to be the consulting engineer to the Company 
to the date of his decease. The district originally comprised 
the town and port of Cardiff, and the parishes adjcmiing, and 
the supply was derived from the river Ely, at a point aboat 
three miles from the town. A pumping engine of 20-horse 
power was erected at this spot in 1851, and the water was 
delivered into a service reservoir (called the Penhill Reservoir) 
two miles and a half from the engine, and at about the same 
distance from the town, the reservoir having an elevation 
of about 60 feet above the general level of the district, 
with a capacity of 2,000,000 gallons. A second engine of 
25-horse power was erected in 1855 near the first, and in 
1859 a second service reservoir was constructed (called the 
Oogan Beservoir) of similar capacity and elevation to that 
at Penhill, but at a different part of the district. 

The rapid increase in the town and population of Cardiff 
soon rendered a further extension of the works necessary, 
and the Act of 1860 was obtained, under which the district 
was enlarged by the addition of several parishes, and the 
authorized capital of the Company increased (from i615,0OO 
in 1850, and Jg45,000 in 1858) to iB145,000, exclusive of 
borrowing powers. Under this Act a third service reservoir 
was constructed (called the Landough Beservoir), having an 
elevation of 180 feet above the Cogan Beservoir, for the 
supply of Fenarth, a somewhat elevated portion of the new 
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district, and an engine of 16-hone power was erected at the 
Cogan Reservoir, for the purpose of pumping water there* 
from into the new reservoir at Landongh. 

In 1862-8-4-6 the works were farther extended, and an 
additional supply obtained from the drainage area to the 
north of Cardiff, and lying between the town and the 
soathem ridge of the Welsh eoal basin. The formation 
generally of this portion of the district is of the old red 
sandstone series, covered in places with a considerable depth 
of dilnvial soil. A storage reservoir has been made here 
(called the Lisvane Beservoir), 1864-6, of a capacity of 
70,000,000 gallons, together with filter-beds and other 
works, and a direct supply by gravitation afforded therefrom 
to the town, and the Penhill and Cogan service reservoirs. 
From this source the present supply is obtained during the 
greater part of the year. 

The river Ely is pumped from during a portion of the 
Bummer, and its resources are also available for future 
extensions, or in the event of unusual drought or other 
emergency. 

The supply is on the ** constant ** system ; and it is grati- 
fying to the Company that, whilst in many towns it has been 
found necessary to shorten the hours of supply during some 
part of the dry sunmiers lately experienced, Cardiff has been 
afforded a constant and ample supply in the fullest sense of 
the word, and without an hour's exception. 

The amount of capital expended by the Company up to 
the present time is J6108,000, which, of course, includes land 
and all incidental expenses — ^the cost of works, with mains 
and services, &c., being about £86,000. Out of this sum, 
the Penarth Works (engine and house, Landough Beservoir, 
and mains for Penarth) cost £7,000, and the Lisvane works 
(including store reservoir, aqueduct, and intercepting tanks, 
filter beds, cottage, &c., four miles of 16-inch main into 
Cardiff) £26,000, exclusive of land, law and engineerings 
and compensation. 
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The Mrrice resenroin contain 6,000,000 gaUois. The 
ayenge daily supply to Cardiff (induding tbe docks and 
shipping) is 1,800,000 gallons, of which about 24,000 
gallons are pumped into the Landough Reservoir for the 
supply to Penarth. 

The engines employed for the Cardiff supply consist of one 
20-horse high pressure condensing beam engine, one 26- 
horse high pressure non-condensing beam engine; total 
lift of pumps (ezclusiye of firiction through mains), 80 feet ; 
quantity, 2,000,000 gallons in twenty-four hours (both 
engines). Penarth supply (second lift) one 15-hor8e high 
pressure direct acting engine ; total lift of pump, 190 feet; 
quantity, 840,000 gallons in twenty-four hours. (InfomuUion 
furnished by Mr. Henry Gooch, the resident engineer.) 

CarU$U. — Supplied with about a million gallons a day, 
pumped from the river Eden. 

Chester, — ^Waier supplied by pumping from the river Bee, 
into an open subsiding reservoir. Form^ly it was not 
filtered, and its quality was much complained of. It is now 
well filtered, and then stored in a covered reservoir and 
pumped up to a high level service tank, from which the city 
is supplied by gravitation with about 900,000 gallons a day. 
The supply both in quantity and quality now gives very 
general satisfaction. An unsuccessful attempt was made 
many years ago to procure water from the* red sandstone by 
tunnelling under the river Dee. 

Coventry, — Supplied partly from springs, and partly from 
artesian wells sunk into the red marl and new red sandstone 
rock. The principal artesian well is 820 feet deep, and 
has an iron pipe 18 inches diameter for the first 80 feet; 
then a 15-inoh pipe for 180 feet ; a 12-inch pipe for 20 
feet; an open 12-inch bore-hole, vnthout pipe, for 78 feet; 
then a 6-inch bore-hole without pipe for 67 feet: total, 
820 feet. 

A second artesian weU is 250 feet deep, and the two 
others are each 75 feet deep. The supply in constant, and 
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the water is pnnrped to a service reservoir 100 feet above the 
towxiy and over a stand-pipe 40 feet high, soiihat the water 
is deiiveted at a hei^t (d 140 feet above the town* The 
capMify of the servide reservoirs is aboat 8,000,000 gallons^ 
and the daily supply about 700,000 gaUons in the summer. 
The quantity annually pumped, about 250,000,000 gallons. 
Two engines are employed, one of which is a GO-horse 
doable cylinder beam engine, working a solid plunger, and 
raising 63 gallons at each stroke. The other is a 40-hor6e 
Coroiflh engine. The cost of coal used about £280 per 
annum. The whole cost of the works, which were erected 
in 1846, has been about £38,000. 

DcarlmffUm, — ^Water pumped from the river Tees. The 
reservoir is a mile distant from the town, to which the 
water descends by ^vitation, with a pressure in the town 
varying from 40 to 100 feet. Supply abundant, but water 
sometimes discoloured. The engine is of SO-horse power, 
and lifts 50O gidlons per minute 100 feet high. 

Perfcy. — Supplied by water which is partly collected in 
impounding reservoirs, and partly pumped from the Der- 
went. The service reservoir is at a height of 140 feet 
above the town, and contains 1,158,000 gallons. The 
imponnding reservoir has an area of eleven acres and an 
average depth of 80 feet (? extreme depth). Works com- 
pleted in 1851; since which time the supply has been 
adequate. Cost of works, £50,000. Daily supply 958,000 
gallonB, 

Exeter, — Supplied by water pumped from the river Exe, 
at Pynes, about three miles above Exeter. The works were 
executed in accordance with an Act passed in 1888, and now 
supply about 960,000 gallons per day. Water power is used 
for pumping, but steam, as an auxiliary power, was added in 
1856. The supply is intermittent, and is given to each 
district during about six hours each day, and on six days 
a week, Thursday being excepted on account of repairs, and 
especially in summer time, when the water is required for 

o8 
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washing gaiters and floslung sewers. The total daily con- 
sumption for all purposes is 28 to 25 gallons per head. 

The Company are now making arrangements for taking 
the water from a point higher np the river Eze, oamely, 
above the junction of the river Culm. 

Lancaster, — ^An abundant supply of very soft water, ob- 
tained by gravitation, from a height of 1,1^8 feet above tbe 
town, and stored in four equilibrium reservoirs at various 
heights. 

Leamington, — ^The supply is pumped from the river Avon 
into two summit reservoirs, 120 feet above the town. The 
works were executed in 1857, and the supply has been 
constant since 1867. The capacity of the two reservoiis Ib 
about 1,000,000 gallons, and the daily supply to the town 
about 350,000 gallons. Two 85-horse power engines are 
employed, and these are capable of pumping 500,000 gallons 
a day to a height of 145 feet. 

The engines are also employed in driving a com millwben 
not required for pumping. About two cwt. of coal are used 
per hour. (Information received from Mr. T. D. Barry, 
Engineer for the borough of Leamington.) The works 
belong to the Local Board. 

Leicester, — Supplied by gravitation with wate^ collected 
on the high lands bordering Chamwood Forest. 

Liverpool, — Supply partly obtained from wells sunk in 
the new red sandstone, and partly from large impoonding 
reservoirs at Bivington, distant about thirty miles from 
Liverpool. The average quantity supplied per day is doW| 
in 1869, 

From Bivington • • • • 10,500,000 gallons, 
ft wells 6,000,000 „ 



Total . . 16,500,000 „ 



Population within area of supply about 620,000, so that thi 
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Bupply for all pnrpoBes, trading and domestie, amounts to 
an average of nearly 27 gallons per head per diem. 

The sum expended on the works for water supply np to 
this time amonnts to abont £2,000,000. 

The drainage ground for collecting water has an area of 
aboat 9,000 acres, and the storage capacity 400,000,000 feet 
altogether. Mr. Hawkesley's estimate for the supply of 
Liverpool was 15,000,000 gaUons a day ; but the supply oi 
late years has Men to 10,000X)00 and even 8,000,000 
gallons a day. 

Maedesfield is situate on the edge of the Cheshire new red 
sandstone, where this formation overlies the coal measures. The 
town is supplied from a drainage area of 2,000 acres, situate 
east of the town, and on the coal formation. The witter is 
conveyed by covered channels to a reservoir capable of hold« 
ing forty days' supply. The rainfall is about 40 inches, 
and ahont 68 per cent, is collected, or '526 inches per inch 
of rainfall. 

Manchester J although situate on the new red sandstone, is 
supplied from an extensive drainage area of millstone grit. 
It was formerly supplied by deep wells, one of which yielded 
more than a million gallons a day. The supply is now 
obtained by gravitation from large impounding reservoirs in 
the miUstone grit district of Longdendale. 

According to Mr. Baldwin Latham, the drainage area of 
the Manchester water supply is about 18,900 acres, which 
famishes a supply of 12,000,000 gallons a day to a popula- 
tion of 550,000 souls, in addition to 55 cubic feet of water 
per second for twelve hours daily as compensation to mill- 
owners. Thus the total quantity of water collected is upwards 
of 26,000,000 gallons daily, although the actual supply to 
Manchester is said to be only 12,000,000. 

Mr. Bateman,* however, who constructed the Manchester 
^orks, states the supply to Manchester at 25,000,000 gallons 

* Pamphlet on Metropolis Water Supply, 1865. 
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a dsy, and qnotot the eoat of the works si ^1*500,000, or 
£60,000 for each million gallons of daily supply. 

Mr. Bateman alao stated in his evidence before Uie Water 
Sapply Commission of 1867 that the gross daily supply to 
Vandiester was 21 or 22 gallons per head for 600,000 
persons ; and of this quantity about one-third was used for 
trade purposes, leaving 14 or 15 gallons p^ head for dosaestic 



Mr. Bateman further states, in the same evidence, that 83 
inches of rain have been actually collected, and measured 
out of a total rain-fall of 45i. This pr<^ortion amounts to 
*72 inches, or nearly three-fourths, for each inch of rain- 
fall. The whole deficiency or loss is stated at 16 to 9 inehes, 
which would give respectively a depth collected from each 
inch of rain-fall s= *661 inches and -800 inehes. Taking the 
rain-fsU on the Manchester gathering grounds to be 37 inches, 
the annual quantity of water which faUs would be equal to 
69,980,000 tons. 

Mr. Bateman's quantity of 25,000,000 gallons a day pro- 
bably includes the supply to millers as well as that for Man- 
chester itself. The total supply of 25,000,000 gallons a day 
would amount to nearly 41,000,000 tons a year, showing a 
loss of about 42 per cent, out of the whole 87 inches, and 
leaving only 58 per cent, available for collection. 

. Middlewick, — Supplied by gravitation from high ground in 
the neighbourhood. Supply never known to fail. 

Ncmtwich. — ^Supplied by gravitation from a source four 
miles distant. 

Newark, — ^The water is pumped from the river Trent at 
a point two miles distant from the town, after going through 
a process of natural filtration. The water is pumped into a 
covered reservoir 100 feet above the highest part of the 
town. The daily supply is about 150,000 gallons, and the 
covered reservoir contains about 1^^ days* consumption. 

Northallerton. — Supplied from shallow wells in the drift, 
seldom more than 12 feet deep. 
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Nettmgham, — ^Tfak town luw been supplied for many years 
pftfily from the river Trent and partly from wells sunk into 
the new red sandstone. 

The original Trent Water Works Company were incorporated 
in 1827. In the following year the Nottingham Old Water 
Works Company were incorporated, and for some years 
afterwards obtained a suj^ly of water from springs and 
streams in the parish of Basford. These two Companies 
were eventoally amalgamated, and a new Company in- 
corporated in the year 1845. 

l^e Trent Water Works were began in 1880, and brought 
into operation in the following year. They consisted of the 
Trent pmnping station with a filtering reservoir on the 
banks of the river, and a service reservoir called the Park 
Road Reservoir, on hi^ gronnd near the park. This is just 
under the Park pumping station. In 1884 the water of the 
Trent was so bad that the pipe had to be removed from 
the river, and the water was allowed to filter into the 
reservoir through a natural bed of gravel. Mr. Hawkealey 
said in his evidence of 1869 that even this naturally filtered 
water was gradually getting worse, and was now found to 
be contaminated with brine springs from the coal strata, to 
such an extent that about a ton of salt was daily pumped 
into the town. 

The supply obtamed from the stream of the Lene had also 
become much contaminated with sewage, and even the springs 
breaking out from the red sandstone cliffs at Scottholme and 
elsewhere were found to be unsatisfactory. Under these 
circumstances the Company were advised that a purer supply 
wonld probably be obtained by sinking a well into the new 
red sandstone, and accordingly in 1845-6 they sank a shaft 
within their own premises, and close to the river Trent. 
This shaft produced an abundance of water, but had not 
been sunk more than 80 feet before it was discovered that 
the quality was bad, and this water was accordingly never 
fiupplied to the town. 
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The next proeeeding wm to mak m mil al Smm HiD, aboni 
half a mile from the miJMl jiae« oJlSitMm^m The red 
sanditone formation ai Sion Hill is onriaid hj mad which 
contaisi ft large quantity of gypanm. This vater eontomed 
a large proportion of mineral matter, ani ma fomd to be 
nearly 21 degrees of hardneaa hj Dr. ClaiiDe'a aeale. The 
water obtained from the Trent is stiQ wotae in qnahfy, being 
of about the same hardness, and eontaining per fgpHon nearly 
60 grains of solid matter, of whieh more than 20 grains 
is common salt. 

Since 1854 the Company obtained from the Duke of 
Newcastle power to sink in Basford parish, and have there 
succeeded in obtaining about 2,000,000 gallons a day of 
very good water. This is pumped np by two steam engines, 
having an aggregate power of 120 horses. 

A still more recent attempt to obtain water by sinking has 
been made a little north of Bestwood Park. The sinking 
passed through the new red sandstone, then throngh 83 
feet of the Permian formation, and then reached the coal 
measures, at a depth of about 200 feet, beyond which a 
boring was put down. Less than half a million gallons 
a day were procured from these operations ; but the water, 
unfortunately, was as salt as sea- water, and therefore the 
experiment was discontinued. 

Notwithstanding all these numerous sources, Mr. Hawkes- 
ley states that in the dry summer of 1868 the Company had 
nearly exhausted all their powers of supplying water, and 
had very little to fall back upon. In 1869 Mr. Hawkesley 
calculated the whole daily supply as follows :— 

Thd Trent Works supply . . . • 600,000 gallons. 

„ Scottholme Works (springs) • 400,000 „ 

„ Park weU, about • • . . • 900,000 „ 

„ Basford well. •....• 1,760,000 „ 

3,650,000 „ 
was calculated also that by deeper sinking and more 
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engine power at the Basford wdl, an additional qoAntity of 
750,000 gallons a day might be obtained, thos making a 
total of 4,400,000 gallons for a population of about 140,000 
persons. Mr. Hawkesley thinks, however, the Trent water 
should be greatly disused, and this wonld take away 600,000 
gallons. He also proposes to discontinue the supply from 
Seottholme springs, amounting to another 400,000 gallons. 
He calculates that in 1881 the Company will have to supply 
a population of more than 200,000, and in 1901 a population 
of 290,000 persons. 

After all these harassing failures endured by the Company, 
it is not surprising to find them applying for largely increased 
Parliamentary powers in 1869. The following were the 
principal provisions contemplated in this Bill of 1869 : — 

1. To take the water of the Dover Beck, which rises near 
Oxion, in the county of Nottingham, and of Grimes Moor 
Little Dyke, which rises near Calverton, in the same county. 

2. To erect a pumping station between these brooks, at a 
distance of seven miles from the centre of Nottingham, and 
to pump the water a distance of three miles .and a half to a 
reservoir about 270 feet in height above the pumping station. 

8. To construct a new reservoir three miles and a half 
from centre of town, and convey the water by means of 
pipes into the town of Nottingham* 

4. To supply a number of parishes and places adjacent to 
the town of Nottingham. 

5. To increase the capital by a sum of £150,000, which is 
to be entitled to a dividend of 7 per cent. 

6. To borrow, in addition to their present borrowing 
powers, a further sum of Jgd7,500. 

7. That new shares are to be disposed of, not by auction, 
bnt as directed or authorised by the Company. 

The Corporation of Nottingham petitioned against this Bill 
on the grounds — 

1. That the Company are ' monopolists, and at present 
obtained a filtered supply from the river Trent, also from 
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Bprings and wells in the paiish of Basford, and from wells in 
Kopewalk-street, Nottinghain, and can obtain further sapplies 
from the sandsUme xock of Nottingham and its immediate 
nei^boorhood. 

2. That the ondeigronnd springs of the sandstone rock 
afford the purest and cheapest Bopf^j. 

8. That the river Trent, on account of its great volume, 
rapid flow, and small population above Nottingham, is easilj 
kept free from pollution, and that its purity will be much 
improved by impending legislation prohibiting the pollution 
of rivers. 

4. That the Dover Beck and little Dyke (fr^om which the 
new supply is to be taken) have together not nK>re ihux one 
four-hundredth part of the average volume of the Trent. 

5. That Dover Beck uid Little Dyke receive the drainage 
of 10,000 acres of cultivated land, and are liable to be much 
polluted by the manures employed. 

6. That the outlying places proposed to be supplied con- 
tain 40,000 acres, and mostly contain a thin and scattered 
population, and do not present a remunerative field for 
water supply. 

7. That the supply of the new district would probably 
cause a loss which would prevent reduction of price in Not- 
tingham. 

8. That the deposited estimate for the new scheme is 
£176,000, and would involve heavy compensation to water- 
mills below the proposed pumping station. 

9. That the reduction of price contemplated by the Act of 
1846 will be prevented or indefinitely deferred. 

10. That the Company should be bound to raise and apply 
their already authorised capital before creating any new capital. 

11. That the Company have a large unount of unraised 
capital, and that the new capital proposed is excessive. 

12. That by the Act of 1854 the dividend on share capital 
is limited to 5 per cent., and shares are to be sold by auction, 
'^he premium not being entitled to dividend. 
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18. Tliat the preseBt shares bearing a dividend of 5 per 
eent. are at a premium of 20 per cent., so that the proposed 
dividend of 7 per cent, would correspond with a premium of 
68 per cent., and as there is no auction clause, this premium 
would be pocketed by the shareholders, and would entail a 
charge on the consumers of about iS100,000 on the new capital 
ofJ615O,000. 

14. That as water (tmUke gas) is incapable of being super- 
seded, there is no reason why new capital should bear higher 
rate than 5 per cent., nor why new shares should not be sold 
by auction. 

15. The Corporation are willing to purchase the undertak- 
ing of the Company, or to establish other vraterworks for 
the supply of the town, pursuant to the Public Health and 
Local Government Acts. 

16. That the Bill should rehire the Company to supply 
by meter. 

The above were the principal allegations made against the 
Bill, and the result shows the opposition was successful, 
as the Committee, after a very patient inquiry, declared 
the preamble of the HU not proved. 

Penrith. — Water pumped up from the river Eamont to 
two separate reservodrs, one of which is 180 feet above the 
river, and commands the greater portion of the town. The 
upper service reservoir is 870 feet above the river, and com- 
mands the higher portion. Water pumped by a wheel 
worked by the river, supplemented by a steam engine of 
14-horse power, which is employed in times of low water 
and when the river is flooded. Daily supply about 800,000 
gallons. 

Preston. — Supplied by gravitation from a millstone grit 
district in the nei^bourhood. Water collected in a series 
of reservoirs, afterwards filtered, and then stored in covered 
reservoir?. The drainage area on Longridge Fells has a 
capacity of about 8,000 acres. The supply is equal to 150 
days' consumption, and is conveyed to the reservoirs partly 
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in open ^**«*«>^« and putfj m utoae eairerts. The mean 
ninfdl Is aiid to be 48 mdm per mimin, and aboat 23 per 
cent, is eoDeeted in tlie resenroin. 

Bugbjf is situate on the lias fgnnttionj which here rests on 
the new red sandstone. Attempts hsTc been made to pro- 
cue water by wells sank ihroad^ the lias into the new red 
sandstone. The attempts to procure water for domesiio 
consumption, however, have been nnsnceessfbl, as the water 
has been foond highly impregnated with common salt. 

Stocktan-an-Teei. — Sapphed by water ponq^ from the 
river Tees. 

Bt. Uelen*i, Lane. — There are two wells sank in the red 
sandstone here. "Each well is 210 feet deep, beyond which 
there is a boring in the bottom, and the two wells supply 
daily aboat 672,000 gallons. 

Selby, York$hire, — ^The supply of this town is chiefly 
obtained from a shallow well, saeceeded by a boring of 820 
feet in depth and 7 lAches diameter. Supply abont 120,000 
gallons per day. 

Stourbridge, Worcestershire^ has a shallow well, about 80 
feet deep and 6 feet in diameter, which yields about 150,000 
gallons a day. 

Sunderland. — ^The supply is from four deep wells sunk in 
the neighbourhood. The first well was sunk in 1846 at 
Humbledon, about a mile and a half west of Sunderland. 
The second was sunk in 1862 at Fulwell, about a mile 
and a half north of the town. The third was sunk in 1859, 
at Cleadon, about four miles north of Sunderland, or nearly 
midway between Sunderland and South Shields. The fonrth 
well is just completed, and is sunk at Byhope, about three 
miles and a half south of Sunderland. 

The shaft at Humbledon Hill is sunk through magnesian 
limestone (Permian or lower new red sandstone) to a depth 
of 228 feet, and two d-inch bore-holes are made in the bottom 
of the shaft to a farther depth of 100 feet, making the total 
depth 828 feet. 
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The shaft at Falwell is sunk through clay and limestono 
to a depth of 222 feet. 

The shaft at Gleadon is sunk principally through lime- 
stone, to a depth of 270 feet, and the shaft at Byhope is 
sank also through limestone to a depth of 240 feet. The 
water from all these wells is pumped up to reservoirs, from 
which it gravitates to the town. The reservoirs at Humbledon 
Hill and Fulwell each contain 1,000,000 gallons. The reser- 
voir at Cleadon Hill contains 2,000,000 gallons. All these 
three reservoirs are situate 220 feet above high- water mark. 
The reservoir at Byhope is 280 feet above high- water mark, 
and contains 4,000,000 gallons. The supply is constant, 
being always laid on to the houses with the full pressure 
dae to the height of the reservoirs ; and the present daily 
supply to Sunderland and South Shields is from 8,500,000 
to 4,000,000 gallons. 

The following are particulars of the pumping engines : — 

At Humbledon, a low-pressure single condensing beam- 
engine of 120-hor8e power, capable of lifting 1,000,000 
gallons in twenty-four hours. At Fulwell, two double- 
powered rotative engines, with 86-inch cylinders, and 7-feet 
stroke, capable together of raising 1,000,000 gallons in 
twenty -four hours. At Cleadon, two single-powered ex- 
pamdve engines, with 60-inch cylinders, and 8-feet stroke, 
capable of raising 8,000,000 gallons in twenty-four hours. 
At Byhope, two rotative double- cylinder expansive engines, 
with large cylinders 45 -inches diameter, and 8-feet stroke ; 
smaller cylinders 27-inches diameter, and 5-feet 4-inches 
stroke. 

The quantity of water pumped last year, exclusive of 
the Byhope supply, was 1,298,000,000 gallons. 

The cost of the works, including mains, branches, &c.,has 
been £268,120, and the present population supplied through- 
out the entire district is about 200,000. The cost of coal 
and cartage for the last year was J62,419. The oil, tallow, 
leather, &c., cost £222. 
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IVom Um xoTtnne aeeoont of 1868 it appears ihe receipts 

For Water Bents amounted to . . . £26,M0 
Ezpenditiuw 10,127 



Profit . . £16,413 

on a paid-ap share capital of JS179,500, equal to more tLao 
9 per cent. 

Information ftimished by Mr. William Dixon, who states 
that the works have been carried oat from the designs and 
under the superintendence of Thomas Hawkesley, Esq., G.E. 

Tra!KiMT€y Cheshire^ has a well 9 feet diameter, and 120 
feet deep. Supply about 160,000 gallons a day. 

WaUasey, Chethire, according to Mr. Latham, is supplied 
with 800,000 gallons daily, from a well sunk and bored 286 
feet into the new red sandstone. 

Warwick. — Supplied with water taken from the Biver Avon 
at Emscote. Water filtered and pumped into the town. The 
daily supply about 810,000 gallons. Supply constant during 
the day, namely, from 6 a.m. till p.m. A well was sunk here 
about twelve years ago, but abandoned at a depth of more 
than 400 feet. The strata consisted chiefly of red marl 
(upper argillaceous and gypseous beds of the now red sand- 
stone). Information from Mr. J. Penna,' Borough Surveyor. 

Wellington. — Supplied from the Wrekin Brook. 

WelU. — Supplied from wells and springs in the detrital 
gravel on which the town is built. The water is probably 
derived from the carboniferous limestone chain of theMendlp 
Hills. 

Wolverhampton, — Formerly supplied in a very inadequate 
manner, partly by a Water Company, and partly from private 
wells sunk in the drift gravel, on which the town stands. 
The water of these wells was of very bad quality, containing 
a large quantity of organic matter, and from 11 to 24 grains 
per gallon of sulphate of lime. 

In 1846 an Act was obtained by a Company for supplying 
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water from two wells sank into the new red sandstone. One 
of these wells was sunk at Goldthorne Hill, and the other 
at Tettenhall, and their united yield in 1855 did not exceed 
400,000 gallons, whereas the town then required at least 
a million gallons. In this year, 1855, a new Company, having 
pnrchased the old works, erected a pumping establishment 
on the River Worf, at a point abont ten miles distant from 
the town ; and since that time there has been a plentiful 
supply of good water at constant pressure. The Worf water 
is collected in an impounding reservoir. 

In 1867 the Corporation of Wolverhampton purchased the 
whole of the Water Company's property, and now supply 
Wolverhampton, as well as the neighbouring towns of Bils* 
ton, Willenhall, and Wednesfield. The total supply given 
by the Wolverhampton Water Works amounts to nearly 
1,750,000 gallons per day. The water is of good quaUty, 
and is shown by analysis to rank high in purity amongst the 
waters from the new red sandstone. It is worthy of remark 
that while the district suj^lied by the Wolverhampton Water 
Works suffered very severely from the early visitations of 
cholera, the town has been remarkably free from that epide- 
mic since the introduction of the present water supply. The 
daily supply is now about 1,250,000 gallons. 

Worcester, — ^New works were constructed in 1857, at a 
cost of abont JS2B,000. Two engines of 25-horse power 
each, were then erected by the Haigh Foundry Com- 
pany. The water is lifted from the Severn into depositing 
tanks, and flows thence into sand -filters, from which it 
passes to the pure water tank, and thence is pumped into 
the town against a head at reservoir of 160 feet. The 
water is of excellent quality, and the works have given 
greater satisfaction than any other of the public improve* 
ments in the eity. The demand became so great tbat 
the works were ext^kded in 1867 by the addition of two 
single-cylinder engines of 80-horse power each (erected by 
the Worcester Engine-Works Company), and the construe- 
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tion of large depositing tanks and filters of proportionate 
dimensions. The eost of this extension, inclnding land, was 
about i614,000. 

The fonr engines, working at 18 strokes per minute, 
deliver about 100,000 gallons, of filtered water per hour. 
The supply is eonstant, and the highest houses in the city 
are supplied. Mr. Hawkesley, O.E., was the Engineer-in 
ehief, and Mr. S. G. Purchas, C.E., is the Resident Engineer, 
and under his superintendence the whole of the works were 
carried out. Mr. Purchas has since laid down a new engine 
main of 18 inches diameter from the pumping station to the 
reservoir on Rainbow Hill, a distance of about 2,800 yards ; 
the cost of the latter work is about dB3,500. 

York, — Supplied from the Biver Ouse. Water first pumped 
into subsiding tanks ; afterwards filtered, and then pumped 
by two 40-horse power condensing engines into an elevated 
reservoir. The supply is constant, and amounts to 1,806,000 
gallons daily. 

Considerable change of opinion has necessarily taken place 
since the first edition of this book was published, as to the 
relative merit of wells and drainage areas for procuring large 
supplies of water for important towns. The estimates made 
by engineers as to the proportion of rain-fall capable of being 
collected in large impounding reservoirs have been found 
to be much exaggerated, especially in years of considerable 
drought, and although no general rule can be laid dovm as 
applicable to every locality, it is probable that in future 
the sinking of deep wells must extensively be resorted to 
for the purpose of procuring water where the drainage areas 
seem inadequate to yield the necessary quantity. 

NBW BED SANDSTONE OF LIVEBPOOL. 

A great deal of information relative to the new red sand- 
stone and Permian groups, has been elicited during the last 
few years, especially during the parliamentary inquiries into 
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the Liverpool and ManclieBter corporation irater workg' 
schemes. The following are some particulars relative to 
the new red sandstone district of Liverpool, a subject which 
has been exceedingly well illustrated in Mr. Stephenson's 
valuable report to the Town Council. 

Previous to the year 1850, the town had been supplied 
by several water companies, who obtained the water from 
wells, and the corporation having purchased the works of 
these companies, had their attention drawn about that time 
to other sources of supply. Accordingly, we find in the 
beginning of 1850 that Mr. Hawkesley was proposing his 
Rivington Pike scheme, while Mr. Newlands, the borough 
engineer, backed by the authority of Mr. Simpson, was 
recommending further works of sinking and boring in the 
red sandstone in the immediate vicinity of the town. Under 
these circumstances the Water Committee of the Town Coun- 
cil called for the advice and assistance of Mr. Bobert Stephen* 
son. At a meeting held on the 14th of January, 1850, the 
Conmiittee passed the following resolutions. <<That Mr. 
Stephenson having been unanimously appointed the engi- 
neer for the purposes of the resolution of the Council of the 
9th of November, the desire of the Committee is that he 
should inform himself upon the subject in all its bearings 
by evidence, reports, or otherwise, so as to ensure that 
the views of all parties may be elicited before him to their 
satisfaction, and report his opinion to the Committee 
fuUy:— 

'* 1st. Whether a supply sufficient as regards quantity and 
quality ibr the present and prospective wants of the town 
and neighbourhood, including domestic, trading, and manu- 
facturing purposes and shipping ; and for public purposes — 
viz., watering and cleansing streets, flushing sewers, ex- 
tinguishing fires, and supplying public baths and wash- 
houses — can be obtained by additional borings, or tunnels, 
or otherwise, at the present stations — viz., those purchased 
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from the eompanies respectively, and from the Green Lane 
Works, now vested in the corporation; and the cost of 
obtaining such sufficient snpply. 

«2ndly. Whether a sufficient addition to the present 
supply can be obtained in the locality or neighbourhood of 
Liverpool, as recommended by Messrs. Sin^>Bon and New- 
lands, or by borings or by any other course ; and the cost of 
obtaining and distributing the same ? 

** 8rdly. Whether such supply can be obtained by means 
of the Bivingtim Works ; and the cosi of obtaining and dis- 
tributing the same, as recommended by Mr. Hawkesley ? 

'* 4thly. Under all the present circumstances of the eases, 
what course is recommended to be pursued ? 

" WiLLUK Shuttlbwobth, Town Clerk.' 

In pursuance of these resolutions, Mr. Stephenson held a 
court at Liverpool, received a large body of evidenee, caused 
numerous experiments to be made, and on the 28th of Mareb, 
1850, furnished a very elaborate report to the Town Conn- 
cil, from which the following information has been ex- 
tracted :— 

On the Permeahility of the "Red Sandstone in the Neighbour' 

hood of Liverpool, 

The evidence adduced before Mr. Stephenson on this sub- 
ject was very conflicting. The geological evidenee had 
chiefly reference to the faults and Assures with which tbe 
new red sandstone is known to be intersected, some geolo- 
gists contending that these Assures are Ailed with clay, and 
that they completely cut up- and divide the formation into a 
series of boxes. Dr. Bnekland is quoted as an anthority 
for this opinion. Others, again, are of opinion that tbe 
Assures are not only sufficiently open to admit of the free 
percolation of water through any particular bed, bat that 
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they even aet as ehannels to diffuse ihe water from one per- 
meable bed to another; and thus they eontend the whole 
mass of the new red sandstone, wherever it oonsuts of other 
than argMlaceons beds, is fredy permeable by water. Mr. 
Stephenson himself appears to incline to this view, which, 
he says, is supported by numerous instances in which wells, 
at a considerable distance, were affected by pumping at 
'Grreen Lane. 

In dealmg with this part of the subject^ Mr. Stephenson 
makes a very shrewd comment on some evidence which 
had been given by advocates for sinking wells, to the effect 
that certain wells were not affected by pumping from those 
m the neighbourhood. *' If," says Mr. Stephenson, '* the 
sandstone were so impermeable as to prevent one well in- 
fluencing another at a moderate distance, it would be ezceed- 
ingly difficult,- if not absolutely impossible, to obtain a very 
large supply of water from any one well. As regards, in- 
deed, the main question of obtaining from the sandstone an 
adequate supply of water, it is of the utmost consequence to 
esta^diidi, indisputably, that the sandstone is extremely per- 
meable." Mr. St^henson here admirably exposes a vice 
whieh is feu: too conunon at the present day, that of over- 
proving one's ease — that unhappy mistake of cunning people, 
whose ingenuity is so extreme that it absolutely overreaches 
themselves. To return, however, to the subject of perme- 
fthility, Mr. St^»heBSOQ sums up his conclusion in these 
words—*' that the rock may be looked upon as almost 
equally permeable in every- direction^ and the whole mass 
regarded as a reservoir filled up, to a certain level, to which, 
whenever wells are s«nk, water will always be obtained, 
more ev lees abundantiy ; and a Yery careful consideration 
of all the facts - that have come to my knowledge in the 
preseniinvestigatien^ leads me to consider this view as the 
simplest, aahd the only one capable of general implication." 

It must .be fully borne in mind^ tiiat this strong opinion 

H 
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as io the complete permeability of the new red sandstone 
Liverpool, is confined to this locality alone, and does m 
apply to the new red sandstone generally. In that vasli 
aggregate thickness of marls and sands, clays, conglome- 
rates, and sandstones, of which this formation is composed, 
we may naturally expect to find very opposite and Tarious 
degrees of permeability in different districts. In the neigh- 
bourhood of Liverpool, the strata appear to be highly are- 
naceous with few interstratified beds or partings of clay ; 
and it is remarkable that most of the cuttings on the railways 
near Liverpool, as well as the exposed faces of rock in 
quarries, &c., are remarkably dry, presenting seldom any 
appearance of moisture trickling down the fitce and breaking 
out above the partings of clay or marl. This absence of any 
visible water, anomalous as it may seem at first si^t, is 
one of the best indications of complete permeability. It is 
almost invariably found all over England in chalk and sand 
cliffii, and cuttings where, from the absence of clay or marl, 
the water is allowed freely to percolate. On the other hand, 
there are many districts of new red sandstone in which the 
sides of every excavation, both in quarries and in road, canal, 
and railway cuttings are constantly trickling with moisture, 
thrown out by the numerous clay partings, which are often 
so thin as to escape observation, unless the attention be 
directed to them by this unfailing symptom of the water 
breaking out. In such a new red sandstone district as this 
lasli. it is hopeless to expect water in abundance from sink- 
ing. We might as well expect to meet with water in a 
thick mass of London or lias clay, in which the same appear- 
ance of water is presented, wherever they are exposed in 
cuttings. The appearance is also due to the same cause 
— ^namely» the alternation of beds porous in different 
degrees, the water percolating through the one being 
stopped and thrown out by the other. All engineers kno^ir 
well the difficulties which are often met with in executing 
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works through clays containing interstratified heds, which 
allow of partial penetration by water ; but although water 
is often met with in such quantity as to be very troublesome, 
affecting the stability of slopes, &c., yet no one would think 
of sinking in any such strata to procure a copious supply of 
water. 

The following are some of the general conclusions which 
seem to have been established with reference to the 
phenomena of water and springs in the trias and Permian 
groups : — 

1. That water abounds in the drift gravel covering the 
new red sandstone and the Permian rocks, but this is 
only sufficient for private domestic supply on a small scale, 
and cannot be depended on for the public supply of large 
towns. 

2. That the water in the superficial drift is usually very 
impure, containing sulphates of lime and magnesia in large 
quantities, and being frequently in towns much contaminated 
with organic matter. 

8« The gypseous beds of marl and clay forming the upper 
part of the trias group, are commonly destitute of water 
except in the thin sandy partings which intervene between 
the layers of marl. Therefore they cannot be depended on 
for any large supply of water. For single isolated houses 
they commonly yield a sufficient quantity, but at very un- 
certain depths. In sections taken across the district between 
the Staffordshire and Shropshire coal-fields, the water was 
found standing in the wells at extremely different levels, 
which seemed to follow no law except that the level was 
generally higher in the neighbourhood of faults, so that 
the water levels appeared to dip in each direction from the 
faults. 

4. The whole of the new red sandstone is remarkably inter- 
sected by faults, which are sometimes pervious by the water, 
and sometimes oppose an impenetrable dam to its progress. 

H 2 
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Faults of tmall extent which are not filled np with clay, 
appear to oppose no obstacle to the passage of water. The 
faults in the Shiffioal and Wolveriiampton district, howeyer, 
appeared, from aetnal observation andmeasnrement^to exert 
a very decided infinenoe on the height at which the water 
stood in wells. 

The brick red sandstone beds, and also the conglomerate 
or pebble beds of the trias gronp, contain much moze water 
than the marls, and appear to yield in the liverpool wells 
very large quantities of water, some wells producing more 
than 2,600,000 gallons a day throughout the year* The 
corresponding beds at Wolverhampton, however, yield very 
little water, the Tettenhall well producing only 168,000 
gallons a day. The point where this well is sunk is, how- 
ever, 450 feet above the sea, whereas the Liverpool wells 
are sunk almost at the level of the sea. In addition to this, 
the beds are muck more sandy at Liverpool, although probably 
having about the ssme geological horizon as the beds at 
Wolverhampton. The sandstone rock at. Liverpool is usually 
remarkably dry in excavations^ quarries, and railway cuttings 
•-Hsee those on the Liverpool and liAanchester Railway at 
Edgehill, &e. On the contrary, the beds in which the 
Wolverhampton well is sunk are remaii:ably wet,' and exhibit 
a great deal of moisture in all the partings and laminations. 
This is well seen in a road cutting at Tettenhall, which 
exposes a good section of the beds sunk through in the well. 
The dryness of the Liverpool rock shows that the water 
sinks freely into the sandstone, and affords a very jMrobable 
reason for expecting to find an abundant supply in wells. 
The moisture in the Wolverhampton beds, on the other 
handy shows that the water penetrates with extreme difficulty, 
and is thrown out by the alternations of marl and clay, of 
which the strata are composed. 

5. Where the Permian rocks are faulted against the coal 
measures, as on the western side of the South Stafibrdshire 
coal-field, and the eastern side of the Coal Brook Dale field. 
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the ynia will usually be eol off by the &iitt, and a well, 
however deep, will yield seeiieely any water. ThiUt the 
Goldthom "weU near Wolveriiampten* whieh is Bank only 
abont 400 yards west of the great laolt which throws down 
the Permian rocks to the level of the coal measures, and even 
to thai of the Silurian rocks, produces only 200,000 gallons 
of water per day. 

6. Where the lower arenaceoua beds and conglomerates i 

of the Permian groups, however, overlie and repose on the , 

coal measures, they will probably yield a very large supply of 
water, as in the instance mentioned at Monkwearmouth by 
Professor Bedgwick and Mr. Bobert Btephenson. 

FUBIJO WELLS OF LIVEKPOOL. 

The dd works of liverpool, bom which the town was . ^ 

exeiofliTely supplied lor many yean before the Bivington 
Pike Worics were contemplated, fdxnish numerous examples > 

of procuring water by means of borings in the bottom of 
wells or lodges. 

For instance, the pumping-station at Bootle consists of an 
extensive lodgment about 45 feet in depth, the bottom of *^ 

the lodgment being about the same level as high water of ^ 

spring tides in the Meraey. In the bottom of this well are 
BO less than sixteen boore-iholes, some of which are 600 feet 
in depth, and these yield collectively rather more than a 
million gallons per day. From some, experiments which 
Mr. Stephenson made on these bore-holes, it appeared that 
when fdl wese plugged up except one, the jrield was 921,192 
gallons per day, and when the whole sixteen were opened 
&6 yield was only increased by 112,792 gallons, from which 
it would seem that » rery unnecessary outlay of money 
t&nst have been made in sinking so many bore-holes dose 
together, since very nearly as much water was obtained from 
one as from the whole sixteen. When not acted on by 
pumping, the water stands in the Bootle lodgment 22 feet in 
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depth above the bottonii bat when reduced by pmnping thd 
general level is only aboat 6 feet from the bottom. 

The Green Lane well is 185 feet in depth, the bottom 
being abont 68 feet below high water of spring tides in the 
Mersey, and 44 feet below the old dock sill. When not 
acted on by pnmping, the water stands 147 feet above the 
bottom of the well, bat the general level daring the pamping 
is only aboat 11 feet 7 inches above the bottom. When 
Mr. Stephenson reported in 1850, the yield of this well was 
991, IIB gallons per day on the average. Since that time a 
boring of 98 feet deep has been made in the bottom of the 
well, and the average yield has thereby been increased to 
2,418,068 gallons per day, or more than doable the prodace 
of the well alone. 

The Windsor well is 210 feet deep, the bottom being 37 
feet below high water mark in the Mersey. The water when 
not acted on by pamping stands at a depth of 70 feet above 
the bottom, and the general level daring the pamping is five 
feet ; the average yield of this well in 1850 was 678,560 
gallons per day. A boring 214 feet deep has since been 
made in the bottom, which has increased the yield to 
1,020,428 gallons. 

li has been asserted with some degree of probability 
that the large increase at these two wells, and especially 
at Green Lane, is dae to the infiltration of water from the 
Mersey. 

The public wells of Liverpool, from which the town has 
been supplied for many years, are seven in namber* They 
are all sitaate within the area of a circle of three miles radius 
from the centre of the town, the most distant being the 
Bootle well, which is sitaate on the edge of sach an imaginary 
circle. The following table contains the particalars of the 
wells as to depth, diameter, &c« 
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PASnCULABS 07 THS PuBLIC WxLLB AT LiTSBPOOL. 



Name of 
Well. 



Bootie ... 



I 



BeTing" 
tan 
Bush 



-j 

... / 



Hotham- 

Sureet ... 
Water- 

I BU'OOw ••• 

, Windaor 



o 

I 

s 



CQ 



10 X 6 
ovaL 



QreenrlBDe 



8x6 
o?al. 
7x6 110 
oval. 
9x6 160 
ovaL 

12 X 101 210 
ovaL 



I 
I 

P 






J 



45 



160 
128 



lOftet 
eirciilar< 



I 



2 



II 






1'^ 



2^ 

B 
B 
t 



&I 



186 



65 
89 
26 
62 
37 



I 






•9 ■ ^ 
I 

5 



I 



+24 



—19 
—17 
—12 
—88 
-•-38 



+84 



•if 
Is 



+ 8 



—66 
—84 
—21 

—92 



—61 



Gallona. 
180,691 



180,876 
497,869 
216,881 
419,264 
678,660 



i 



•0 

I 



I 



GaUons. 
861,008 



991,118 






262,787 

600,782 

229,201 

402,844 

1,020,493 



Theiink- 
inffoon- 
aumof a 

large 

lodge 
and 16 

bore 

bolea. 



2,418,068 



Inereaae 

due to a 

boring 

214 feet 

in depth. 

Inoreaae 

dnetoa 

boxing 

98 fe^ 

in depth. 



* The + dgn in these colnmnB indicates that the height marked is above high 
water marie 
The — sign indifwrf^w that tiie depth is below high water mark. 

Yolnme of water yielded by the seven public wells of 
Liverpool : — 

At Hie time of Mr. Stephenson's report in 1850 the maxi- 
mum yield of all the seven wells amounted to 6,170,486 
gallons per day of 24 hours, the minimum yield to 8,820,990 
gallons, and the yield at the ordinary working level was 
4,216,784 gallons per day. 

This being the yield of the wells at that time, Mr* 
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8iepheii9on obsenres in his report, that the Mqpeeftaiion of 
much augmenting this quantity, either by sinking, boring, 
or tunnelling, cannot be entertained ; and that any increase 
obtained by deepening the wells would only be temporary, 
and will only take place to the same extent as the private 
supply of water is diminished. He is further of opinion 
that the deepening of the public wells will render it neces- 
sary to deepen also the private wells ; and then comes this 
most important observation, which has been before allnded 
to — ** and it cannot be doubted that a large proportion of 
any increase would be derived from the river Mersey, as all 
the wells are now sunk to or below the level of low water, 
and many yield brackish water.'* 



Tablb showiko thb Compabatxyb Tisld 07 THB WxLU or 1850 

AND 1854. 



Beetle • • 
Bush . • • 
Soho . . . 
Hotham Street 
Water Street 
Windsor . . 
Green Lane. 



Yield in 94 

hoon taken 

from the Dip 

Books tor the 

last qaarter of 

1840. 



DailT 
Yield for 1864, 

taken from 
Mr. Duncan's 
evidence in the 
Wolverhamp- 
ton Water 
Works Bill, 
1866. 



GaUona. 
850,691 
180,875 
497,869 
216,381 
419,264 
678,660 
991,118 



3,834,758 



Gallons. 
881,008 
252,737 
509,732 
229,201 
402.344 
1,020,493 
2,413,068 



5,708,683 



GaUons. 
30,317 
71,862 
11,863 
12,820 

841,933 
1,421,950 



1,890,745 



I)eere8W> 



GalkDs- 



16,920 



16,920 



The large increase at Windsor and Green Lane has been 
occasioned by borings which have been made since the date 
of Mr. Stephenson's report. But independently of these two 
wells, there has been an increase in all the other five except 
Water Street. The increase in the first fonr is equal to 
126,862 gallons per day, and if we deduct the falling <^ ^i 
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16,920 at Water Street, we have an increase in the whole 
group = 109,942 gallons per day. 

This increase, however, is not confirmed by the observa- 
tions which were made in 1850 by Mr. Stephenson's assist* 
ftnts, of which a tabk will now be given :— 



NameofWellaxuI 
DateofObamatioa. 


Ti^in94 

hours at 

practical 

wridtai^ level. 


YieULinM 
hofora aeeord* 

ingto 
Mr. DoDoasi'a 
table fcrlSM. 


Inor^aM. 


Decreaae 


Bootie, ) 
Jan. 3, 1850 / 
Bush, \ 
Mazeh 11,1850/ 
8olu>, 

Jan. 16, 1850 
HothamSt., \ 
Maich, 1850 
Water Street, 1 
Jan. 22, 1850 / 


979,944 
224,688 
547,715 
854,552 
511,488 


881,008 
252,737 
509,732 
229,201 
402,344 


• • 
28,049 

• • 

• • 

• • 


98,936 
• • 

87,988 
125,851 
109,144 


2,618,387 


2,275,022 


28,049 


371,414 



So that according to this table the falling off in this group 
of five wells is 843,865 gallons per day, which may be spread 
over a period of 4^ years = 76,808 gallons a year, or nearly 
2*9 per cent, per annnm^ 

It is true the records kept at the stations show rather an 
inerease than a decrease between 1850 and 1854, bat this is 
inconsistent with what has been observed elsewhere, and 
what has always been admitted in the case of new red sand- 
Btone wells. As Mr. Stephenson*s experiments in the begin- 
ning of 1850 gave a higher result than the dip books, it 
is probable that the delivery of the pumps had been mider- 
estimated at that time, but were corrected for the fature. 
Hence I think it most fair to compare Mr. Stephenson's 
quantities^ as given in the last table with Mr. Duncan's for 
1854. 

Table of mairimnm yield of wells, at lowest level, in the 
beginning of 1850, and the same for 1854 : — 

H 8 
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ICoiiimm 










yield in 94 


ICaziiinim 








booniiitlM 


yield in 94 




Deereaae. 




htgtaaiagot 


kNininl864. 








180O. 








Bootia . . . 


1,102,066 


1,102,000 


. . 


65 


Boah • • . . 


396,988 


333,984 


• • 


61,999 


8oho .... 


664,386 


609,628 


• • 


64,867 


Hotham Street. 


436,692 


364,000 


• • 


72,692 


Water Street • 


715,650 


678,907 


. . 


186,643 


Windsor. . • 


660,864 


1,028,000 


867,136 


. • 


Green Lane . • 


1,248,816 


2,606,812 


1,366,996 


• • 



Showing a eonsiderable falling off in all except the two last, 
in which additional borings have been made to obtain an 
increased supply of water. 

Table showing the falling off in the wells, comparing the 
whole qnantities raised in 1849 and 1854, respectively : — 





Total water 


Total raised 




railed aooording 


according to 




to Mr. Stephen- 


Mr. Dnnoaa 




aoninl849. 


in 1664. 


Bootle • • • 


329,486,250 


821,667,770 


Buah . . • • 


95,433,860 


92,250,018 


Soho .... 


168,812,689 


186,052,194 


Hotham Street 


80,783,436 


83,668,450 


Water Street . 


150,038,675 


146,855,646 


Windsor . • 


252,922,650 


372,480,000 


Green Lane 


367,378,629 


880,769,922 



Mr. Duncan makes the following observation on the 
Liverpool public wells, in his evidence before the Commis- 
sion on Metropolis Water Supply in 1868 : — 

•<The original supply from the wells has been partly 
discontinued, the Hotham Street, Bush, and Soho Street 
wells being abandoned ; but the present supply from Green 
Lane, Windsor, Bootle, Water Street, and Dudlow Lane is 
between 88,000,000 and 89,000,000 gallons per week. The 
quantity originally raised from the well sources was about 
H5, 000,000 a week, and the greatest amount ever raised was 
between 42,000,000 and 43,000,000 gallons. Li the month 
of November, 1866, the amount drawn from the present 

ell sources averaged between 89,000,000 and 40,000,000 
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gallons a week. There appears, with one exception, to 
have been a gradual falling off in the supply from the well 
sources ; in fact, the continual pumping has occasioned a 
great depression in the water level. In the case of Bootle, 
which is here referred to, the original supply was 900,000 
gallons per diem, but upon sinking the well a further depth 
of 70 feet, making a total of 100 feet, the supply has been 
mcreased to 1,000,000. At Green Lane, in 1855, the supply 
per diem was 8,800,000, but in 1866 it was down to 
8,000,000. Dudlow Lane is a new station, and the yield 
per diem is equivalent to 400,000 gallons. In 1867, 
three more wells were in course of sinking, but it is not 
known to us with what results. The water from the red 
sandstone is very hard, and as a fact it was found that at 
Green Lane the original degree of hardness was 4^, whilst 
in 1867 it had increased to 7 degrees." 

Some representations were made in 1866 by Dr. French, 
the medical officer of health, against the practice of supply- 
mg part of the town with hard water, and other districts 
with soft, or Bivington water. The consequence is that the 
practice has been discontinued, and a perfectly mixed supply 
is now distributed to all parts of the town. 



COST OF PtJHPINa FBOH WELLS AT LIVERPOOL. 

Tabli showing thb Quantitt of Water raised in 1849, Ain> the 
Cost op PTJifpma at the Seybbal Stations. 



Kame of Station. 



Bootle . . . 
Bush . , . 
Solio . . . 
Hotham 8t. . 
Water Street 
Windsor . . 
Green Lane . 



Total water 
raiBed. 



329,486,250 
95,433,860 
168,812,589 
80,783,436 
160,338,675 
252,922,650 
367,378,629 



Water used 

for condena- 

ingat 

Windsor. 



Total cost per 

annum (n 
raising water. 



* a 



20,233,812 



£ «. d. 

1445 3 3 

716 3 5 

833 17 1 

603 4 8 

874 7 10 

949 3 

920 2 7 



Gostper 

annum of 

raising 

1 million 

gallons. 



£ 9. d. 

4 7 8 

7 10 1 

4 18 9 
7 9 4 

5 16 6 
4 16 
2 10 1 



Water raised 
per day. 



902,702 
261,463 
462,500 
221,334 
411,065 
637,504 
1,006,617 



3,903,085 
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The following table shows the eompAratiye eost of raisbg 
the water in 1849 and 1854. As the water at each well is 
pumped into a reservoir, the seeond colnnui of the table 
shows the lift in feet at each well, and enables as to derive 
the cost per 100 feet of lift. 





lilt In 


Cost per 

gaUs-in 
164S. 


Oortpv 

millKfn ffiiJliir 


Goet pormillion nlloDf 
xaiaedlOOftethi^ 


In 1864. 










In 1849. 


In 1854. 






£ a. 4. 


£ 9, d. 


£ «. 4. 


£ a. d. 


Bootle . . . 


170 


4 7 8 


3 2 lU 
6 10 ll| 


2 11 7 


I 17 


Boah . . . 


228 


7 10 1 


8 6 9 


2 8 8 


Boho . . . 


247 


4 18 9 


4 6 3 


2 


1 14 11 


HothamSt. . 


206 


7 9 4 


8 3 4 


3 12 10 


3 19 8 


Water Street . 


267 


5 16 6 


4 4 6} 


2 6 4 


1 12 10| 
18 l| 


Windaor . . 


287 


4 1 6 


2 12 


18 6 


Oreon Lane . 


270 


2 10 1 


2 2 6| 


18 6 


15 9 



One or two facts are worthy of notice in this table, in 
which the cost inclades every expense of labour, coals, oil, 
tallow, &c., but no allowance in either case for wear and 
tear, or depreciation of engines, pnmps, &e. In the first 
place, the only two stations which afford any proper guide to 
pnmping expenses, are Windsor and Green Lane. The 
engines at all the other stations are old, and are only em- 
ployed until the new supply is obtained by means of the 
Bivington Pike Works. It wiU be observed that in 1849 tiie 
cost of raising water 100 feet high was four times greater at 
Hotham Street station than at Green Lane ; while, in 1854, 
the disproportion is still greater, the cost at Hothun Street 
being now five times as much as at Green Lane. So much 
for bad engines and machinery. 

The absolute cost of raising the water seems to have been 
reduced at all the stations since 1849, except at Hotham 
Street, where the cost is greater now than at the time of 
Mr. 6tephenson*s report. The diminution at all the other 
stations is due to the watchful care and supervision exercised 
by Mr. Duncan, the able engineer of the corporation, whose 



ID08T OF pnafi>iNa at uterpool* 157 

system of tabulating the aeeonnts, and keeping the ehief 
results constantly under hie own eye, oannot be too luf^y 
commended. 

The eost of raising 1,000,000 gaUons, 100 feet high, at 
the East London works by various kinds of engines, is given 
below on the authority of Mr. Wicksteed. 

£ 9, tL 
By a smgle-aoting engme by Boulton and Watt 

(average of 2 yean' working) ...... 2 5 3 

Two smgle pninping engines by Boulton and Watt 

(average of 10 years' working) ..;... 1 9 10 
Two other single pumping engines, also by Boulton 

and Watt (average of 10 years' working) ... 1 7 9 
By a single-acting Cksnish engine, erected by 

Harvey and Go. (average of 4 yean' working) . 12 6 

COST OF PUMPING STATIONS AT LIVEBPOOL. 

Mr. Stephenson says the cost of the Windsor station was 
nearly Jg80,000, bat there is a valuable piece of land attached 
to it. The Green Lane station, at the time of his report, 
was still incomplete, but had then cost upwards of £19,000. 
The follovnng are the details of the entire cost of this station, 
as obtained from Mr. Duncan : — 

Cost of the well «. iS6,600 

Cost of the John Holmes engine and two pumps. 
(The engine has a 60-inch cylinder, and worked 
on the average in 1854 up to 64-horse power) . 5,782 

Building engine house, boiler house, and stand-pipe 
tower 4,278 

Cost of the George Holt engine of 52-inch cylinder, 
(worked to an average of 76 horse-power during 
1854) including buildings, boilers, pumps, and 
fixing • • • 6,500 

Cost of Green Lane Station r • • £23,160 

At the time of Mr. Stephenson's report (March, 1850) the 
population of Liverpool to be suppHed with vrater was about 
400,000, for which Mr. Stephenson estimates a quantity of 
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8,000,000 gallons per day, being at the rate of 20 gallons per 
head. The increase of inhabitants between 1881 and 1841 
appears to have been 89*6 percent., so that, according to this 
rate of increase, Mr. Stephenson assumes the population in 
1861 will be 657,500, and the volume of water then required 
will be increased to 11,150,000 gallons per day. 

Supposing a supply of only 8,000,000 gallons a day to be 
required, he estimates that as Green Lane and Windsor 
wells yielded together 2,000,000 gallons, or one-fourth of 
the required quantity, six new stations should be erected 
equally complete in every respect with these two large 
ones. He estimates that each of these new stations would 
cost £20,000, because, although the land for some of them 
would cost less than at Green Lane and Windsor, a greater 
amount of engine-power would be required. 

ESTIMATB OF TKB C08T 07 A StSTBM OP WeLLS P0& LiTBBPOOL. 

Mr. Stepheoflon then assumes six new stations, in- 
cluding shafts and steam engines £120,000 

Mains to connect these stations with proposed re- 
servoir, at Kensington • i. «•«... « 48,000 

168,000 
Contingenciefl , , , - ^ . 17,000 

Total . iS185,000 

to supply 8,000,000 gallons, which would have to be in- 
creased to Jg277,000 for the supply of 11,000,000 gallons, 
the quantity which will be required at the end of about ten 
years. 

ARGUMENT IN FAVOUB OF HAVING SEVSBAL STATIONS FOB THE 

SUPPLY OF WATEB. 

The value of concentration, according to Mr. Stephenson, 
is not so important in water works as in the case of some 
manufactures. On the other hand, the number of stations 
is supposed to afford an opportunity for dispensing with 



COST OF FCmFINO AT UVERFOOL. 159 

duplicate engines. It is obvioas that when sevenl stations 
are at work, the fiiiltire of one will prodnee slight incon- 
venience, and a surplus may always be provided in the 
shape of an additional station, to be worked in case of need. 
There are, probably, no large water works with so small 
an amount of surplus engine power as the present pumping 
stations at Liverpool, where the engines work, for the most 
part, night and day without intermission, and nearly up to 
their M power. No inconvenience has, hitherto, been ex- 
perienced from this, because if the engine at one station is 
oat of order, there are six other stations from which the 
supply still goes on. Another argument which Mr. Stephen- 
son gives in favour of detached pumping stations, is that all 
the water need not be pumped to the highest reservoir, but 
that the different levels of the town may be supplied from 
the most suitable stations. 

ANNUAL EXPENSE OF FUMFINO STATIONS. 

Mr. Stephenson thus estimates the annual cost of raising 
1,000,000 gallons per day at Green Lane and Windsor 

stations. 

For eunent ezpenMS, inolndiiig snperintendenoe , • Xl,100 
Depredation upon engines and machinery, engine 
housea and cooling ponds, £1 1,200 at 2 per cent. • 224 

£1,824 



At each new station he estimates the expense as follows :-^ 

Current expenaee, including superintendence • . . £1,100 
Depreciation upon engines and machinery, engine 

houses and cooling ponds, £12,000 at 2 per oent. • 240 
Depreciation of mains, £8,000 at i per cent. • • • 20 

Interest on capital, namely, £30,800 at 4^ per cent. . 1,386 
Cknnpensation to landowners 2^0 

AnniiR^ cost of each new station • • £2,996 
Hr. Stephenson then gives the following tahle, showing the 



ja umiooL. 




8 to 14,000,000 gallons per 
«f A* old ■fatioiw ai an ^[penfie of 





— 


«— 


2few6tati€m. 

1 


Cost a year. 


1 








£ 


1 8*«:5i 


^ ■ a*i, ^ 




6 


20,624 


_ • * 




7 


23,620 


!*• 


" 




8 


26,616 


11 






9 


29,612 


u 






10 


82,608 


13 




3 


11 


35,604 


i" 


■ 

" '1 


3 


12 


38,600 



A wM mr mftUm 4^ wdU beimg idready in existence^ whether 
it ii adviuihlt to seek far tm increase in the yield by dnvinn 
adilsfrefm ike boUam^ or by sbUdng new wells / 

Mr. Stephenson then disensses this question with mneh 
deamees and iogennity. He first explains what is called the 
eone theory in well sinking, namely, that the mass of earth 
drained by a well may be viewed as an inverted cone, of 
which the apex is the bottom of the well, and the base is a 
eircle at the snr&ee of the ground. Also, in this cone, the 
sloping sides represent the inclined sorface of tibe water, 
flowing in all directions towards the well. 

As the pnmping proceeds, the angle formed by the sides 
of the cone becomes more and more obtuse, or in other 
words, the sides of the cone become less vertical, and more 
nearly horizontal, "nntil,^' in tiie words of Mr. Stephenson, 
^* an inclination is established, when the friction of water in 
moving through the pores and fissures of the rook, is in 
equilibrium with the gravity upon the plane/' Mr. Stephen- 
son observes that when once this condition of equilibrium is 
established, all further pumping is useless, as the water will 
sim^y be gradually lowered, until the well is exhausted ; 
and, of course, no addition of pumping power will increase 
the yield of tbe weU. 
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Wh^n an existing well is ilrns exhansted, thfiae oomes 
present themselyes. Ist, to deepen the well by dnkiDg bore 
holes at the bottom ; 2ndly, to drive adits from the bottomt 
and thus inerease the snrface drained by the woU; and 
8rdl7, to sink a new well in anothar spot, Mr. Btephenson 
does not recommend the first expedient in the case of liver- 
pool, because all the public wells, except the Bootle, have 
already been sunk to the level of low water mark, and he is 
of opinion, if the sandstone be as pervious as it has been 
proved to be, any addition of the depth, either by sinking or 
bormg, woold have the effect of admitting water from the 
Mersey, and consequently very much impairing the qnaUty 
of the water. 

Mr. Stephenson next shows that the second expedient, that 
of driving tunnels, so f^s to make what is technically called 
a bdge or lodgment for the water, is principally useful where 
the pumping is periodical, but that it does not much increase 
the drainage area of the well. In illi^itration of this view he 
gives a diagram (fig. 17), which he thus describes : " Let us 




suppose that a well is sunk at A, and that it drains an area 
represented by the eirde B C D E, and that a tunnel is 
drives from A towards D, say one mile in length, and that 
AQothe^ well is sunk at D upon the extremity, or upon the 
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iemuniu of Ihii tomieL The only effect of this would 
be to inenaee the drminage aiea of the well A by the area 
F H Of together with the snuJl triangular pieces shown on 
the figure ; whereas, instead of the tunnel being driven from 
^ to D» if the well at D had been snnk at H the area 
dnuned would haye been double that which was originally 
drained by A.* After viewing the snbject in all its bearings, 
BIr. Stephenson is of opinion that increasing the number of 
wella is likely to be a more permanent source of supply thao 
extensiye tunnelling. At the same time he observes that the 
latter admits of an easy mode of connecting the varions 
sources of supply, and, consequentlyy of concentrating the 
whole of the pumping establishments. 

It appears from the evidence ^ven before Mr. Stephen- 
son, and from the evidence in 1848 on the Liverpool Water- 
ing Bill, that the Windsor well, which is 210 feet in depth, 
affected the surrounding wells to a maximum distance of a 
mile and three-quarters. 

OK THB VLUOTITATIOM OF XJfiVKL IN THE WATEB OF THE 

liTVEBPOOL WELLS. 

There are some interesting notes and observations made 
on this subject. A series of dip books, kept in the year 
1844, show that in the Windsor well the water usually 
stood on Monday morning at about 75 feet above the bottom, 
and on Saturday night at an average of about 40 feet. This 
effect of the pumping during the week appears to have con- 
tinued without much variation until June, 1845, when the 
engine began to work 24 hours a day instead of 12. The 
effect of this increased amount of pumping is, unfortunately, 
not recorded. 

In October, 1845, the engine commenced its previous 
mode of working during the day only. The levels of the 
water at this time were 75 feet above the bottom on Monday. 
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mormngs, and on Saturday nights about 82 feet. In Jane, 
1846, when accurate records were again kept, the depths on 
Monday morning and Saturday evening were respectively 
66 feet and 24 feet, and these depths seem to have con- 
tinaed nearly the same till April, 1847, at or about which 
period a larger pump was applied. At the end of May in 
this year the levels of the water on Mondays and Satur* 
days were respectively 89 feet and 14 feet. These levels 
dimim^ed from this time till February, 1848, when they 
were 17 feet and 9 feet, and still further diminished till 
December, 1849, when they became 14 feet 5 inches and 
81 inches, respectively. This state of the water on Satur- 
day night clearly showed that as much water was being 
pumped from the well as it was capable of yielding. 

Bearing on this part of the subject, the appendix to the 
report contains some very valuable tables showing the re- 
markable falling off in the yield of certain wells. 

It appears from the evidence of Mr. Thompson on the 
Liverpool Watering Bill in 1843, that the Windsor well in 
April of that year yielded, per day, 1,162,000 ; 
In May, 1848, after an interval of 6 years, the yield was 

807,061 gallons ; 
In January, 1850, a farther interval of 21 months, the 

yield was 705,667 gallons ; 
Another observation in January, 1850, made the yield 

634,752 gallons ; 
and this latter agrees nearly with the records of the Duty 
book. 

It appears, then, that in the first 5 years the yield dimi- 
nished at the rate of nearly 6 per cent, per annum. 

In the next 21 months, the diminution was at the rate of 
7'2 per cent., or, taking the smaller yield to be correct, at 
the rate of 11 per cent. 

Similar experiments were made on the Green Lane well, 
from which it appeared that the falling off in 22 monthsi 
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from May, 1848, to March, 1850, was at the rate of 6 per 
cent, per annnm, aeoording to one set of obs^rvationBy and 
at the rate of 4*7 according to the other. 

Several observations are given to show the falHag off in 
the yield of two railway wells at Edge Hill, bnt as this 
appears to be due to the sinking of bore^holes in the vicinity, 
they are not saitable cases to show the gradual and general 
fiJling off in the yield of new red sandstone wells. 

The following are the conclusions which Mr. Stephenson 
draws from a careful consideration of the facts which he col- 
lected : — 

*' That an abundance of water is stored up in the new red 
sandstone^ and maybe obtained by sinking shafts and driving 
tunnels about the level of low- water. 

'< That the sandstone is generally very pervious, admitting 
of deep wells drawing their supply from distances ezeeeding 
one mile. 

** That the permeability of the sandstone is ocossionally 
interfered with by faults or fissures filled wi^ argiikoeous 
matter, sometimes rendering them partially «or wholiy water- 
tight. 

** That neither by sinking, tunnelling, nor boring, can the 
yield of any well be very materially and permanently in* 
creased, except so far as the contributing area may be 
thereby enlarged. 

** That the contributing area to any given well k limited 
-by the amount of friction experienced by the movement of 
the water through the fissures and pores of the sandstone ; 
and 

** That there is little or no probability of obtaining per- 
manently more thaopi about 1,000,000 or 1,200,000 gallons a 
day from each well, and this only when not interfered with 
by other deep W6lls< 
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THE PAI«J&O2OI0 SSBIES* 

It is proposed to glanee at the great fonnatioiis eomposuig 
this series in a more rapid and general manner than that 
which has been adopted for the mesozoic and tertiary groups* 
In this eonntry especially, although highly important in a 
geological point of view, the Paleozoie rocks are much less 
within the range of hydraulic investigations than those which 
have hitherto been considered. With the exception of a few 
large towns, situate on the coal measures, and a still smaller 
number on the old red sandstone and Silurian rocks, most of 
these old formations are without any large centres of popula- 
tion, and therefore do not possess the same interest for the 
hydraulic engineer as the new red sandstone and other more 
recent formations. It is true, many of the older rock dis- 
tricts, especially the carboniferous limestone, the millstone 
grit, and even the slate rocks of the Silurian and Cambrian 
series, furnish the gathering or drainage ground, from which 
some of the largest and most important towns in the king- 
dom are in future to be fiimished with their supply of water. 
Liverpool and Manchester are both now supplied from the 
elevated region of millstone grit which surrounds them. 
Bristol is already supplied from the carboniferous hills 
of the Mendip district, and Plymouth has been supplied 
for two hundred years from the granitic district of Dart- 
moor. Most of the largo Scottish towns, as Edinburgh, 
Glasgow, and Aberdeen, already draw their water from 
drainage areas on the surface of the oldest rocks in the 
country. 

Principal subdivisions of the Pakaozcoc roeks below the 
Permian group : — 

Coal formation. Consisting of a series of indefinite alter- 
nations of shales and grits, or sandstones of various kinds^ 
with layers of coal and ironstone, and occasionally but rarely 
thin beds of limestone, thickness about 8,000 feet. 
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MilUtone grit. Consisting sometimes of pebbly, qnartzoze 
gritstones, and sometimes of compact felspathic sandstones 
and shales, with occasionaUy thin beds of coal and ironstone, 
several hundred feet in thickness ; but in Yorkshire attain- 
ing a thickness of 1,000 feet. 

Carboniferous limestone. A mass of calcareous rocks, con- 
sisting in the upper and lower divisions of thin, laminated, 
shaly beds, sometimes with argillaceous partings, and in the 
centre portion of a thick mass of nearly pure thick bedded 
limestones without day partings. In Yorkshire containing, in 
the lower part, beds of coal. Thickness varying from 500 
to nearly 2,000 feet* 

Old red sandstone* Consisting of arenaceous conglomerates, 
sandstones, and argillaceous rocks, sometimes containing im- 
pure limestones and flagstones. Exceedingly variable in 
thickness, but probably not less than 8,000 feet in Hereford- 
shire, and still more in Devonshire. 

Silurian group. Consisting of sandstones, limestones, 
shales, conglomerates, and calcareous flagstones, many thoa- 
sand feet in thickness. 

Cambrian group or lower Silurian. Consisting of sand- 
stones, indurated argillaceous rocks, dark laminated lime- 
stones, fine and coarse grained slates, &c., also several 
thousand feet in thickness. Below these are micaceous and 
chloritic slates, quartz, and other rocks in Anglesea and 
€amarvonshire. 

The coal formation, owing to the alternation of poroos 
grit and sandstone beds with retentive strata of shales and 
clay, commonly yields a moderate supply of water wherever 
wells are sunk into it. The water, however, is usually of 
inferior quality, being often much impregnated with iron. It is 
doubtful, also, whether any shaft sunk in the coal measures 
would yield a sufficient quantity of water for the supply of 
a large town ; whether, in fact, any such shaft would yield 
even a million gallons a day. Water is indeed often trouble- 
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some in coal mines, and we frequently hear of large qnantities 
having to be pumped out in order to keep the workings dry. 
These quantities are, however, commonly quite insignifi- 
cant when compared with those required for consumption 
in large towns. It is probable that the numerous faults 
which occur in all coal measures, and which are frequently 
filled up with impermeable matter, operate to cut off and 
isolate the water-bearing strata into sections of limited area ; 
and this provision, so beneficial to the miner, is evi- 
dently one which interferes with the supply of water to be 
obtained from wells or shafts sunk for the purpose of water 
works. 

The following are the principal towns in England situate 
on the coal formation : — 
Newcastle and Durham in the coal field of Durham. 
Leeds, Huddersfield, Bamsley, Botherham, Sheffield, Brad- 
ford, Wakefield, in the Yorkshire coal field. 

Cardiff, Merthyr, Swansea, Newport, and Pontypool, in 
the South Wales coal field. 

The millstone grit has scarcely any towns situate upon it, 
bat is very important, especially in Lancashire and York- 
shire, as furnishing the drainage area which supplies water 
to several of the principal towns in the kingdom. 

Lancaster, Preston, Liverpool, Manchester, Stockport, Brad- 
ford, Leeds, and many others, are all supplied from the 
united springs and surface water of the great millstone grit 
formation which constitutes the axis of what has been dis- 
tinguished as the Tenine chain of "England. 

The deep, precipitous valleys of the millstone grit, the 
porous strata resting on the impervious limestone shales 
which throw out the springs, and the extraordinary rainfall 
in the bleak and elevated district which it occupies, all con- 
tribute to make this a highly desirable water-collecting for- 
mation. A comparatively small surface suffices for a drain- 
age area ; the volume of drainage water is further swollen 
by springs which usually break out at the heads and sides of 
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valleyB where the limestone shale begins, and the deeply 
grooved form of the valleys gives peculiar facilities for the 
constnictio& of embankments to hold up the water in storage 
reservoirs. 

The carboniferons limestone, like the millstone grit, is 
equally destitute of large towns situate within its limits, 
although there are several large towns which derive thei]^ 
chief supply of water from the springs and streams of car- 
boniferous limestone districts. 

The great central mass of the eai^oniferous limestone 
admits water very freely to pass through by means of the 
numerous fissures by which it is fractured. The upper and 
lower shales of this formation are probably not so freely 
permeable by water. 

The phenomena of springs caused by faults filled up with 
argillaceous matter in limestone districts have been ahready 
alluded to. These springs are very common in Derbyshire, 
in the Gower district of South Wales, and in the distiict of 
the Mendip hiUs. Copious streams of beautifnUy clear limpid 
water are constantly flowing through Leigh-upon>Mendip, 
Downhead, and other villages on the Mendip hills. These 
springs, which break out on very high ground, are usually 
caused by faults damming up the water. Nearly ev^ry range 
of carboniferous limestone in England presents exam^es of 
streams, and sometimes large rivers, being engulf^ed for a 
time and pursuing a subterranean course through the fissures 
and cavities of the limestone. The river Manifold and its 
tributary, the Hamps, are well-knovm examples of subter- 
ranean rivers in Derbyshire. Both these rivers flow from 
the millstone grit, and after passing over the lower lime- 
stone shales they become lost in caverns of the great lime- 
stone; and aft;er pursuing a subterranean^ course of about 
four miles in length, the two rivers, having united under 
ground, appear again near Ham as one stream, which flows 
in a deep deft of the rocks and joins the river Dove, near 
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Thorpe.* The Eibble, the Nid, and oihen of those rivers 
whicli lise in the elevated moontun district between the 
eoantiea of York and Westmoreland, are also subterranean 
in the upper part of their conrse. 

The sonrees of the Ayr and the Wharfe which rise near 
the base of Pennygent monntain in the western moorlands 
of Yorkshire, are also subterranean for several miles daring 
dry seasons. The small river Greta which rises in York- 
shire, but flows westward to join the Lone in Lancashire, is 
also sabierranean for some part of its course. 

The same phenomena of swallet holes and subterranean 
rivers present themselves in the district of Gower and in the 
Mendip hills. Both in the Mendip and in Derbyshire the 
bnsiness of stopping the swallet holes in order to prevent 
the loss of the water is a regular profession, pursued by 
some of the most cunning and artful of the native inha- 
bitants. Their services are highly valued, and are in great 
request in dry seasons when every drop of water becomes 
valuable. Many of the subterranean courses in limestone 
valleys are of comparatively small capacity ; at least there ^ 

are certain points in them at which no unusual volume of 
water ean pass. In consequence of this the surplus water ^ 

which cannot pass off by the subterranean channel appears 
at the surface, generally at the bottom of a deep romantic 
valley, deft through the solid rocks which hem it in on both 
sides. In wet seasons, therefore, it is not unusual to find a 
brook flowing at the surface in the bottom of a valley, while, 
ft few weeks afterwards during a drought, the brook may 
liave disappeared from the surface and be confined to its 
subterranean channel. 

Many of the springs from the carboniferous limestone are 
extremely copious. The one named after St. Winifrid, at 

* In the Peak dirtrict of Dezbyihiie, many anall tribataries of the 
Derwent aie engulphed in the middle limestone rocka, and xe-appear in 
khe nei^hbonrhood of Castleton. 

A 
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Holywell, in Flintshire, mentioned by Messrs. Conjbem 
and Phillips, yields nearly seyen million gallons a day. 
This stream in its short course to the sea, of about om 
mile, turns no less than eleven mills, three of which aii 
placed abreast. The springs dedicated to St. Mary and St. 
Osward, in the same neighbourhood, are almost equallj 
copious. Other celebrated springs occur at Gigg^eswick scar, 
on the road from Settle to Eirby Lonsdale, and at other 
places in the western moorlands of Yorkshire. 

The hot springs of Buxton and Matlock, in Derbyshire, 
are derived from mountain limestone, and so are the hot 
waters of Clifton, near Bristol. 

The old red sandsUme. This formation is chiefly de- 
veloped in Devonshire, and in the counties of Hereford, 
Monmouth, and Brecon. The principal towns on it are Leo- 
minster, Hay, Hereford, Ledbury, Ross, Brecon, Aberga- 
venny, MoniDOuth, and Newport. In North Devon, Barn- 
staple, Bfracombe, and one or two smaller towns are situate 
on the old red sandstone ; while, in South Devon and Corn- 
wall, there are Falmouth, Bodmin, Tavistock, Plymouth, aii^ 
many others of less consequence. 

The scenery of the old red sandstone is characterised by 
large and massive features, as extensive plains, broad valleyR, 
and occasionally motintain masses of considerable hei^. 
There have been few embankments made across old red 
sandstone valleys in this country for the storage of water, nor 
does the physical conformation of the valle3rs afford the same 
facilities for this as in the millstone grit and slate districts. 

The alternation of argillaceous and sandstone beds through- 
out this formation occasions the water to be held up at 
various levels, and generally throughout the districts of 
Herefordshire and Monmouthshire the wells of private 
houses meet with abundant supplies of water at no great 
depths. There is no instance of any well being sunk in the 
old red sandstone for the purpose of procuring any large 
supply of water. 
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The towns sitaate on the Sflnrian aad Cambrian Btrata of 
this country, and on the granitic and Byenitic formations, 
are so unimportant that it will not be neeesaary to enter into 
particolan respecting the hydrography of these groups. 



WELLS AKD BOBINOS FOB FBOOUBINO SUPVLIES OF WATEB. 

The eommonest form of well is that sunk into a bed of 
Band or gravel resting on an impervious substratum of clay. 
Saeh are the shallow surface wells found in abundance all 
over the metropolis, and such afforded, probably, at one 
time the best supply which its inhabitants were able to pro- 
core. Wells of this kind are still existing, and are still used 
in many towns which are built on deposits of sand or gravel 
resting on a bed of clay. In digging such wells it is not 
neceseary to sink down to the clay, but only to the depth 
at which the gravel or other porous stratum is saturated ; 
and this is frequently found to be by no means a uniform ' 

level even in wells which are situate very near to each other. j: 

The superincumbent stratum of sand or gravel being 
Qsnally situated in a trough or depression of the clay, it ^ 

may be presumed, theoretically, that the basin is per- 
manently saturated below the level of the lowest natural 
point at which the water can. escape or flow over the edge 
of the basin, and that at any given point inside the basin, 
the water will stand at a certain fixed height above this level 
of oveiflow or saturation. This height, again, it has been 
sought to determine theoretically from considerations con- 
nected with the permeability of the overlying deposit. There 
are many circumstances, however, which conspire to render 
theoretical deductions erroneous even in the most simple 
eases. For instance, the surface of the clay basin may be 
very irregular, as indeed it commonly is. It may have bees 
traversed by ancient water courses which have left ridges 
and hollows, while, beside all this, there may have beeu 

I 2 
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snbterrftnean movements either before, at, or after the 
deposit of the gravel wbieh may have produced rolls or 
ridges in the clay. Hence it happens that from nator&l 
caases alone, apart from the effect of other wells, it can 
seldom be predicted with certainty at what height the water 
will be fonnd or will permanently stand in such surface wells. 
In all basins of this kind the water mast be conceived as 
gradually percolating from the surface downwards towards 
the level at which it can escape, sometimes flowing with 
comparative freedom through materials tolerably poroas, 
and at other times obstructed, now by changes in the nature 
of those materials, and now by dams and other obstacles 
interposed by nature. 

I have said that such wells probably furnished at one time 
the best supply obtainable in the metropolis ; but all this is 
widely altered at the present day, for since the immense 
increase of buildings, the soil has become saturated with im- 
purities of every description, which can scarcely fail to have 
frightfully contaminated the water of all snoh wells. ^ ^ 
churchyards of the modem Babylon, her sewers reckoned by 
hundreds of miles, her gas works, her chemical and other 
manufactures whose proceeds are injurious to human life, 
have all contributed their share to the poisoning of veils 
which might once have been wholesome, although the water 
could never boast of the freshness and life of deep spnng 
water. 

The other class of wells is Widely different from the first* 
and commonly yields a supply of good spring water. These 
are wells sunk through an impervious material which is its^^ 
destitute of water, but which serves to keep down the water , 
in a porous bed lying beneath it. For instance, after sink- 
ing through the. thick mass of the London clay in the nei^' 
bourhood of London, we reach a series of beds containing 
sand and gravel in such proportions as to make them readily 
permeable by water ; so that it is no unconmion thing* on 
sinking down to, and disturbing the remarkable pebble 
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which asnally fonas the basis of the London elsy, to find 
the water burst up with some violence and stand penna- 
nently in the well many feet higher than the level from 
which it rose. 

The same thing ocenrs in sinking through other hard 
beds before reaching the chalk, and, again, at the top of 
the chalk, the bed of green-coated flints, which nsnaily 
separates the chalk from the overlying sands, gives rise 
to the same phenomena of water bursting np. On sinking 
throagh the chalk also, the chalk marl is usually found to 
keep down the water of the upper ^een sand in a similar 
maimer, and again on a much greater scale the gault per- 
fonns the same office with respect to the water of the lower 
green sand. 

Now in. all such cases as ihese where a supenor overlying 
impervious stratum has to be sunk through in order to reach 
a water-bearing stratum beneath, it is not necessary to dig 
a well to the entire depths but after sinking down a certain 
distance and forming a well into which the water may rise 
&s into a reservoir, the rest of the process ia simply com- 
pleted by boring down to the water^-bearing stratum by 
means of a small perforation varying from three or four 
inches up to eighteen inches. Through this small perfora- 
tion the water will find its way up to the larger well above, 
from whence it may be pumped up as required. 

In certain &vourable situations where a boring is made 
through an impervious stratum at a point considerably lower 
in level than the porous district, at the line where the water 
filters into the earth, the water rises above the surfetce, 
giving rise to the condition termed an artesian well, from 
their first general establishment in the French province of 
Artois. Such wells were once common in the valley of the 
Thames about Brentford, but are not now overflowing in 
consequence of the great number of them which have been 
sank into the same stratum. Overflowing wells are still 
common, however, on the flat lands of Essex, about Foulness 
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IsbDd, Ae.9 and also on the eoast of Linoolnshire, from 
Spftlding to the Hnmber, in which part of the coontry they 
are called blow wells. 

There is some ambiguity in the name artesian as appUed 
to these wells» as it is nneertain whether it should be con- 
fined to those which overflow, and rise above the surfiace, or 
should be applied to all wells in which the water is procured 
by boring instead of sinking. I think myself that a general 
name shonld be applied to all those weOs in which the water 
is procured by boring through a retentive soil down to a water- 
bearing stratum, and the name artesian would do for these 
as well as any other. Then those wells, in which the water 
rises above the surfiicOi should be distinguished as over- 
flowing artesian wells. 

Some such distinction as this is obviously necessaiy, 
because different persons understand different things by the 
term artesian well as commonly applied ; in addition to 
which many wells which were once overflowing are not so 
now, as already mentioned in the ease of those bored in 
the valley of the Thames. Such wells are of coarse still 
artesian weOs, but are no longer overflowing artesian wells. 
It need scarcely be observed that ordinary borings are quite 
distinct from artesian weOs. These are exceedingly common 
in such districts as the chalk and new red sandstone, where 
they are sunk at the bottom of shallow wells or lodgments, 
as they are sometimes called, in order to increase the 
supply. 

For instance, in procuring the supply for Watford, which 
is situate on the chalk, a well or lodgment was first made 
16 feet in diameter and 88 feet in depth. A boring of 12 
inches clear diameter was then directed to be made to the 
depth of 70 feet below the bottom of the well, and this it 
was calculated would produce 800,000 gallons per day of 
twenty-four hours. 
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OONSTSrcnON OF WSLLS. 

In iiard and homogeneoaB roeks sneh as chalk, the oolites^ 
and new red sandstone, wells frequently do not reqoire a 
lining of any kind, and have merely to be excavated to the 
required size* The chief difficulty in hard rocks is, that 
blasting by gunpowder is frequently necessary, so that the 
process of sinking becomes tedious and expensive. All shafts 
snnk in argillaceous, marly, and sandy strata require, how- 
ever, to be lined or steined, as it is technically called. Even 
in sinking through the harder rocks, also, partings and beds of 
elay and sand are frequently met with^and sometimes require 
a lining as much as if the shaft were entirely in day. 
Varioas materials are used for lining wells, and preventing 
the earth through which they are sunk from falling in. The 
principal of these are brick, stone, and iron, while wood is only 
employed for temporary purposes, as in the shafts of mines. 

For large wells sunk in the tertiary strata around London 
a lining of one brick in thickness is frequently employed, and 
for snudler wells a lining of only 4^ inches, or half a brick, 
may be used. When the lining is half a brick in thickness, 
there is only one mode of laying the bricks, namely, in 
eoorses breaking joint with each other* Where the work 
is a whole brick thick, it is sometimes built in two half- 
brick rings, and sometimes the bricks are laid all as headers. 
Wherever the conmion statute brick is used, it is evident 
that all the horizontal joints are lenticular, or wedge-shaped, 
so that the sides are never parallel. This is a great incon- 
venience and can never make good work, no matter in what 
way the gaping space at the back of the joint may be filled 
Up. Formerly there was some difficulty connected with the 
excise duties, in procuring bricks of any other shape than 
the regular statutory rectangular form. Since the repeal of 
these duties, however, bricks may without inconvenience be 
procured of any shape and size, and ought certainly for 
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steiaiiig voDs to ksve cads ndttiiiig to the centre of the 
welL It vosil Bot be neeeHuj of eoime to haye bricks 
M ould e d ipedeiDj for vwrj pertienler weU, bat there might 
be fofiBS to nift veUs, iBcreeaiog in diemetor by steps of two 
feet 19 to tea or twelve feet in Ammeter. Radiated bricks 
of dufl deeeriptkm aie bow atensiTely made for sewer work, 
and mi|^ be enplojed with eq[aal advantage for wells. 
They woold at onee dEeet a groat snperioiity over the 
(Rdiimy steining <^ wells. 

The material to be employed for steining most, of course, 
be decided by flie judgmoit of the engiDeery aecor£ng to 
the partkidar camuBslaiieee of each ease, as in many 
localities and in eoiain peenlaff cases, stcme or iron may 
possess adTantages overbiickwork. 

In sinking throng the tertiary days and sands in the 
neighbooihood of Londony it was formeily very common to 
employ a wooden ring or corbon which a cylindrical mass of 
faiiokwcHk WIS ba3L Then the gronnd beneath the cnrb 
was excavated, and the iHiole mass of brickworic gradnally 
sank down as additional eoorses were placed on the top of it. 
This method of bailding wells is not now so common as that 
of bailding ondemeajh in the fcslnon of anderpinning. This 
method of building ondemeath the already executed steining 
is well described by Mr. SwindeU in his treatise on wells and 
well-digging. Sappose eight or ten feet of the well dag out, 
the steining of this first part may be bailt firom the bottom, 
and then a farther depth being excavated, it becomes neces- 
sary to comfdete the steining beneath the part already 
exeented. This is effected by laying at the bottom of the 
recent excavation three coarses of brickwork in cement, and 
bailding the other coarses of ordinary biiokwork npwarda 
until the space is filled ap. The well, when completed, will then 
consist of a cylinder of brickwork, with occasional nine-ioch 
rings set in cement, and the hiterval at which these lings 
occur will depend on the nature of the strata, being osually 
in the tertiary beds from five to twelve feet« In working 
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duron^ saniiy stiata, which alteraate with elay and are 
frequenlly saimated with water and converted into veritable 
qnieKsands, many precautionB are necessary. Frequently 
the whole briokwork in such oases has to be set entirely in 
cement or iq the best hydraulic mortar, and very often the 
Bteining already execnted has io be suspended or held up in 
its plaiee by iron rods attached to an iron plate nndemeaih 
&e biiekwork. Even these preeaationa are sometimes not 
saffieient, and nesoti must be had to iron cylinders in lien of 
brickwork. These iron cylinders are sometimes of wrought, 
and flometimes of cast iron, bolted together by means of 
flancbes. They frequently require considerable force to 
drive them down through quicksands and other incoherent 
beds. Mr. Swindell says : — ^* In some wells that have been 
executed in sandy soOs, cast-iron curbs have been inserted 
at intervals, each curb diung to the one above it by tie-rods. 
Tbe gravel or sand can then be excavated under the curb, as 
tbe clay can under the brickwork rings set in cement ; the 
eorbs, in &ct, bearing the same relation to the cemented 
brickwork in the case of sandy soils, as the cemented rings 
do to the dry brickwork in clayey ground." 

Although Mr. Stephenson, in his able report on the well 
supply of Liverpool, prefers the sinking of separate wells to 
tbe en^loyment of adits or drift-ways, yet the latter are 
extremely usefal as lodges or reservoirs to store a quantity 
of water in cases when the pumps are not at work. The 
drift- ways at the bottom of the well in Trafalgar Square 
form a reservoir capable of holding 122,000 gallons of water, 
and tbe storage rooms at the bottom of some of the liver- 
pool wells is much greater than tins. 

In many wells extraordinary precautions are necessary to 
exclude land-springs and water of inferior quality, and some- 
times the interests of adjacent canals and of the naghbouring 
well proprietors call for such precautions. For this purpose 
tbe brickwork for a considerable depth is sometimes set in 
eement or hydraulic mortar, besides being puddled or con- 

2 3 
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ereted at the back. In the wall sunk by the London and 
North- Western Railway Company at Camden Town, there 
was an inner and an onter gteining of brickwork^ the inner 
being 4i inohes thick, and the onter 9 inches. The apace 
between the two cylinders of brickwork contained a seg- 
mental cylinder of iron, backed with 9 inches of concrete. 
The whole thickness of the lining in this case, therefore, wat 
abont 2 feet. This mode of constraction was adopted to i 
depth of 28 feet from the sor&ce, below which was a faiick 
steiningof 9 inches, with bonding curbs of iron at intervals.* 
The diameter of this well is 9i feet in the clear, and the 
whole of the steining is executed in cement* 
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There are so many contingencies connected with this kind 
of work that we most be prepared to find great anomalies in 
the cost which has been incurred. The comparative hard- 
ness of the strata to be snnk through, the frequent occonenee ^ 
of quicksands occasioning peculiar precautions and much 
expenditure in the sinking, and the necessity for frequently 
keeping out land springs, are all subjects which very mate- 
rially influence the expense* Most cases of well-sinking 
require a special estimate from experienced practical persons 
well acquainted with the strata to be sunk through, and with 
similar works. Such estimates, although probably more to 
be depended on than any other, are frequently very erroneous, 
and lead to great disappointment. The following attempt to 
show the cost of wells in the neighbourhood of London is 
founded on some statements by Mr. Prestwich ; but I have 
endeavoured, as will be seen, to separate the well-sinking 
from the boring, having in certain cases deducted from the 
total cost a sum equal to B2 per foot, which may be taken as 

• Swindell on «* Wella and WeU Digging ;" Weale's Budimentaxy 

Series. 
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a fair allowance for boring and tahing at the bottom of a 
deep well. 
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The price for the well at Beid's brewery includes the hire 
and repair of temporary pumps daring the execntion of the 
work, and also the cost of two new sets of permanent pomps. 
It will be seen from the following account of this well, taken 
from the description by Mr. Braithwaite, in the Proceedings 
of the Institation of Oivil Engineers for 1848, that it com- 
prises considerably more than a mere shaft, that the sinking 
in the chalk was enlarged into a capacions reservoir, and that 
a considerable extent of adit was driven at different levels. 
The yield of this well is 277,200 gallons per day, the water 
being used for refrigerating purposes, although it costs the 
brewers more to raise it than they would have to pay the 
water companies for a similar quantity. The depth down to 
tke chalk at this well is 188 feet. At the depth of 87 feet a 
cast-iron cylinder, 5 feet 8 inches by 8 feet 2 inches, is 
inserted and continued down to 185 feet, to within 18 inches 
of the first bed of flints in the chalk. The sinking in the 
chalk was gradually increased in size as it proceeded down- 
wards, till, at the depth of 178 feet from tHe surface, it was 
16|feet diameter. The excavation was continued at this 
diameter as far as 202 feet below the surface. Water was 
found under the second, sixth, eighth, and tenth beds of 
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flinU, and the total aapply at 202 feet was 72,000 gallons 
per day. At the depth of 196 feet from the snrfaee the first 
tunnel was driven 91 feet north-west, in the direetion of 
another well, hut the tunnel only increased the yield 14,400 
gallons a day. The eighth' hed of flints, at 154 feet from 
the surface, yielded the largest qaantity of water, namely* 
10,800 gallons per day. Mr. Braithwaite, therefore, drove 
a second tunnel at this level, 6 feet high hy 5 feet wide, 
distance of 16 feet from east to west, and then norUi and 
south for 108 feet, by which he obtained an increase of 
54,000 gallons per day. The shaft being now sunk to the 
depth of 202 feet from the surface, it was ascertained by 
boring that a further supply could be obtained at a depth of 
20 feet lower. The shaft was continued 22 feet deeper, 
with a diameter of 7 feet, when the water was found flowing 
from two horizontal fissures in the chalk without flints. At 
this depth two tunnels were driven, one to the north-west, 
being connected with the first tunnel of 91 feet, by which an 
increase of 121,600 gallons a day was obtained. The other 
tunnel was driven 24 feet in a south-easterly direction, and 
produced a further increase of 28,800 gallons a day. The 
total quantity obtained from the shaft and all the tunnels is 
about 277>200 gallons a day ; the well being formed into a 
reservoir at the bottom, which is capable of holding 100,800 
gallons. 

It appears from this account that, in additibn to the great 
enlargement of the shaft in the chalk, about 110 yards of 
headings were driven, and the cost of these cotild not have 
been less than £550, making the cost of the shaft alone 
about £27 per foot vertical. 

It appears from the instances which have been quoted, 
that small shafts may be sunk in the London clay and other 
tertiary beds to the depth of about 200 feet, at the rate of 
from £5 to £10 a foot vertical, including the steining and 
temporary pumping when necessary. Also, that large shafts 
of 8 or 10 feet in diameter, or an equivalent area, may b« 
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sunk from 200 to 800 feet deep for the cost of £21 to £27 
per foot vertical. True it is that many estimates are made, 
and eTcn contracts taken at much lower prices than this. 
For instance, the well at the Model Prison, which is 6 feet 
diameter in the clear within the hrickwork, is said to have 
been let to Mr. Clarke, of Tottenham, at the following 
prices : — 
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So that Mr. Clarke's price for 180 feet was only £872, 
whereas, the well which was sunk 220 feet, cost in reality 
£1,800. 

The Green Lane well at Liverpool, which is 185 feet deep 
and 10 feet diameter, cost £6,600 ; but this includes a large 
lodgment in the bottom of the well, and nearly 100 feet of 
boring in the bottom. 

For wells in the lower new red sandstone in the neigh- 
bourhood of Wolverhampton, without steiixing, a price of 
about £5 per yard has been paid for a shaft 5 feet diameter 
down to 150 feet in depth. Headings driven in the sand- 
stone rock, 5 feet high and 8 feet 6 inches wide, have cost 
£10 per yard forward. 

In the Wolverhampton Water Works Bill of 1855, the 
existing company sought for powers to sink additional wells, 
with the view of increasing their supply of water, and 
the following was the estimate given in evidence -by Mr. 
Marten, their engineer, and Mr. Hawkesley, their consulting 
engineer. 
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Slaking two shaffai at Oaken in tbe red iandstone 

look, each 150 faet deep, 100 yards at £6 . . . £600 

Standage at bottom forming the enlargement necea- 

wany for the lodgment of the water 1)500 

Driftways, 200 yards at £4 800 

PnmpiDg and sundries •••• ^ 1.200 

£4,000 

The estimate for these two shafts, each 150 feet deep, is 
somewhat inconsistent with the &et that the Green Lane 
single shaft at Liverpool, 186 feet deep, cost £6,600. 

Some very yalnable information as to the construction of 
wells, especially in the neighbourhood of London, will be 
found in Mr. Swindell's "Rudimentary Treatise on WeU 
Digging and Boring." The method of constructing wells 
with sinking curbs, and of steining in brickwork, and lining 
with iron cylinders, are there described in a very practical 
manner. 

There are also some very useful observations on the most 
improved methods of boring. 

ABTESIAN WELLS. 

The chief localities in which these wells have hitherto 
been sunk in this country have been already described. 
The expense of boring them is of course much less than that 
of shafts. 

Mr. Prestwich gives several examples of artesian well 
borings in the neighbourhood of London, from which their 
cost may be judged of with tolerable accuracy. Thus, a 
boring of 252 feet in depth through tertiary strata in Lom- 
bard Street, cost Jg200. One at Water Lane, Edmonton, 
66 feet deep in tertiary strata, cost £1S ; one at Waltham 
Abbey, through 90 feet of tertiary strata, cost £16 ; one at 
Wigborough, in Essex, through 800 feet of tertiary strata, 
cost about £120 ; and one at Mitcham, through 190 feet of 
tertiary strata and 21 feet of chalk, cost £100. From these 
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examples, it appears that the eost of boring up to 100 feet 
in tertiary strata, does not exceed As. per foot. For depths 
between 100 and 200 feet, the price seems to vary from 6«. 
to 10s. per foot ; and between 200 and 800, from 10s, to 
16s. per foot. 

A deep boring sunk at Longhton, in Essex, through 685 
feet, of which 824 were in tertiary strata, and the remaining 
211 in chalk, cost £750, or nearly 80s. a foot. 

Mr. Clarke's price for boring in tertiary strata, at the 
bottom of a well 180 feet deep at the Model Prison, was 
45s. per foot ; the boring to be made with a 10^ inch angeri 
and to have east-iron pipes inserted in it 8 inches diameter 
f thick, fitted together with turned joint& and wronght-iron 
collars, and fitted with screws ; the whole to be flush inside 
and oat. His price for boring in chalk with a 7i inch anger, 
at the bottom of the 10^ inch bore, was 27s. a foot ; no 
pipe to be inserted in this boring. He, however, offered for 
10s. 2d. per foot extra to insert a perforated copper pipe, 
weighing 6 lbs. per foot in the chalk boring. 

The artesian borings through the gault at Cambridge are 
usually 180 to 150 feet deep, and cost from £15 to £20. 

The price paid at Liverpool for a 6 inch bore in the bottom 
of Green Lane well, which is 185 feet deep, was :— 

£ i, 

2 10 per yard for the first 20 yards. 

3 „ „ seoond „ 

3 10 M n tbird ,» 

4 „ ,» fourth „ 

4 10 „ „ fifth 

The following are some tenders recently made for boHng 
through chalk at Guildford, where the chalk is very near the 
surface:— 
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In the ease of the Crossness well, the following are tenders for 
a boring of 17 inches diameter, or as nearly of this diameter 
as the strata will admit of, the horing to commence at the 
end of an existing 18 inch bore, at the depth of 720 feet 
below snrface : — Mr. Clarke, of Gray's Inn Square, London, 
offered to bore the first 25 feet below 720 feet at &1 per foot, 
the second 25 feet at £1 5#. per foot, and so on increasing 
5^. per foot at each 25 feet of depth. Messrs. Docwra and 
Son, of Balls Pond Boad, Islington, tendered for boring from 
the depth of 720 feet below snrface at JS6 a foot for the first 
20 feet, J66 5«. per foot for the second 20 feet, and £6 10«. 
for the third, and so on increasing at the rate of 5s. per foot 
for each 20 feet. 

The following were the tenders of the same two firms for 
the best wronght-iron brazed and collared pipes with steel 
shoes :^ 






Clear diameter 
inincbea. 



Tbitdbbs fbb Foot. 



By Mr. Thomas 
Clabkb. 
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16 
15 
14 
13 
12 
11 
10 
9 
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2 



1 12 



By Mb88F8. 
Bdowba. ft flov. 



1 

1 



8 
5 



£ §, d. 
2 2 



1 14 

• • 
1 10 

• • 

16 

« • 
12 



The deepest borings in the world are probably, that made 
in the Abattoir of Grenelle in Pans, 1,800 feet, and one made 
1,878 feet deep through the new red sandstone at Kissengen, 
in Bavaria. 
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Hie boiiiig at Grenelle passed through 148 feet of tertiary 
stmla, 1,894 feet of ehalk, and 256 feet of green sand and 
gauli. Ito ooflty aeeording to Mr. Prestwich, was Jgl4,500 ; 
but iliis inchides some extraordinary expenses, such as doable 
sets of tubes and the eonstmetions over the well. The eon- 
traet for the first 1,812 leet was ^,000 ; and M. Mnlot, the 
engineery states that the whole work could now be executed 
for £10,000. 

This boring was eommeneed in 1885, to snpply with water 
the Abattoir of Grenelle. The auger penetrated the water- 
bearing stratum in February, 1841, when the water rushed 
up with great force, and overflowed the surface of the ground. 
The boring was commenced with a diameter of 20 inches, and 
gradually diminished, till at the depth of 576 feet it was only 
12 inches. Wrou^t iron tubes were first used to prevent the 
bore f-h^lnifig up with sand, but these have been replaced by 
copper tubes. The tubes commence with a diameter of 12}^ 
inches, which gradually diminishes till the fifth tube, which 
is 10 inches diameter at a depth of 1,148 feet. A sixth 
tube goes down to 1,845 feet, with a diameter of 8^ inches ; 
a seventh to 1,771 feet, with a diameter of 6^ inches. The 
remaining part of the bore is not tubed. According to an 
article in the Constitutumnel, 4th of March, 1841, the yield of 
the well was 880,887 gallons in 24 hours. The water is said 
to have risen at first to a height of 65 feet above the surface, 
but this statement appears doubtful. The temperature of the 
water, according to Sir John Bobison, in 1848, was 82^° 
Fahr. ; thst of the water in the United Mines, in OomwaU, 
which are 1,770 feet deep, being 92^ Fahr. ; and the highest 
recorded temperature of water in these mines being 96^ 

The boring at Kissengen, in Bavaria, 1,878 feet deep in 
new red sandstone, is said to have cost JS6,666. The 
expense of several borings in chalk of about 1,000 feet deep 
seems to have been about JS8,000; but there are several 
instances of much cheaper work. For instance, Mr. Prest- 
wich states that M. Degouzee has lately much reduced the 
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expense of boring by the use of steam power, and by the 
introdaotion of new machinery. He has lately contracted 
to bore an artesian well at Bonen to the depth of 1,080 
feet, through the lower eretaeeoos and oolitic rocks, inelud* 
ing expenses of every description. M. Degonzee has also 
constmeted three artesian wells in different parts of FrancOi 
to an average depth of about 825 feet, at a cost, including 
tubes and aO expenses, of JS600 to JS1,000. Shallower 
borings down to 600 feet have been made, in France, at a 
rate varying from 5$, to 208. per foot, while one of 666 feet, 
chiefly in green sand and gault, cost £1,216. Messrs. De« 
gouze6 and Laurent, of Paris, undertake to bore to the depth 
of 200 English feet for about £120, and to go 1,000 feet 
deep for £600. 

BOBINO ICICHINBBT. 

The method sometimes used on the Continent of boring by 
means of a rope in place of a boring-rod, was well described 
by M. Jobard in his report on the Paris Exhibition of 1840. 

For perforating hard rock, a boring head, termed the moutan 
or ram, is used. This is a cylinder of cast-iron, commonly 
about 8 inches in diameter and 89 inches in length, weighing 
from one to three cwt* The upper part of the cylinder is^ 
hollowed in a conical form, and the sides are fluted so as to 
allow the broken debris of the rock to pass up and lodge in 
the hollow conical top. The mouUm is attached to the rope 
by means of wrought-iron handles, which are double, in case 
^ne should break. The lower part of the mauton is pre- 
pared to receive a number of blunt-pointed steel chisels, 
which are firmly secured to it. There are several ways of 
giving motion to the rope which works the mouton. One of 
Uiese is by means of a long plank, placed obliquely about 12 
or 15 feet above the bore hole. The tnatUon is suspended 
about 15 or 20 inches from the bottom, and is made to fall 
through a height of 2 to 8 feet about 25 to 80 times in a 
minute* The- dust or powder resulting from the cutting 
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aeti<m of the bML ehiaelfl would soon, if not moistaied, 
impede the aetion of the tool by deadening the Uows* If, 
therefore, no water be naturally present, it most be en^^ed, 
and then the sort of liquid mud thus formed rises or spouts 
up through the fluted openings in the mtnUony and enters the 
hollow eone at the top. When it is observed by ibe work- 
men at the surfaee that the tool has gone down sufficiently 
to fill the cone the nundon is withdrawn, and is then found 
to be filled commonly with a hard conical mass, the result 
of several hours* working. 

The Chinese are said to have bored successfully with the 
numUm alone to the depth of 1,800 feet. This is quite pos- 
sible, if the strata be hard and solid throaghout ; but if they 
consist of sand, gravel, wet clay, or of such material as 
requires tubing, the mauton is not applicable alone, but re- 
quires to be replaced by what the French call the emporte- 
pUeef or shell pump, as it has since been termed in England. 
The mnporU-pieee is a cylinder fitted lit its base with two 
common D valves, turning on the diameter as a hinge, and 
opening upwards. This cylinder is lowered down to the 
bottom, and caused to penetrate by a blow from the mmoon 
or ram before described, and which when thus employed is 
of course without its cutting chisels, vad is merely a hollow 
cast-iron cylinder, weighing about three owt. The ram 
having an opening through it longitudinally, slides on a 
metaUic rod attached to the emporte-piece. When it has 
gone up a few feet, it is stopped by a projection, and then 
falls down on the emporie-pieee ; which latter sinks down 
at every blow, and at the same time allows the semi-fluid 
mud to rise up through its valves. When drawn up, the 
•pace above the vidves is found to be filled with a cylindrical 
lump of mud, more or less indurated. 

In the strata which require tubing, it is of course necessary 
that the boring tool which passes through the tube should be 
ei^pable of making a hole larger than the external diameter of 
^h« tube itself. The form of wumUm employed in France for 
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this purpose is called the aUezair or instrument for enlarging, 
and the contrivance is sufficiently ingenioos. Instead of the 
mautan being suspended from the rope in a truly central axis, 
it is suspended somewhat on one side of the centre, so that 
on being lowered the steel cutters or chisels strike obliquely, 
and thus excavate a hole of larger diameter than the motUon 
itself. This motUan, when employed to act throng tubing, 
has a conical receptacle for the mud, like the one first de- 
scribed. There are several minute points to be attended to 
in working with these boring tools, such as the degree of 
torsion to be given to the rope, and the proper time for 
drawing up the mautony so that its working be not too much 
impeded by friction. These are points which the workmen 
are soon enabled to master after a little practice. This 
method of boring is much used in France, Saxony, and other 
parts of the Continent. The moutom are not expensive, one 
of three cwt. costing only about £2. They can be made and 
repaired by the ordinary village blacksmith* 

MESSBS. MATHEB AND PLATt's EABTH-BOBING MAOHINEBT. 

The arrangement which has just been described has been 
somewhat modified by Messrs. Mather and Piatt, of Salford 
Iron Works, Manchester. The boring head employed by 
them consists of a wrought-iron bar, about 8 feet long, on 
the lower part of which is fitted a block of cast-iron in which 
the chisels or cutters are firmly fixed. There is no conical 
cup or other contrivance in this boring-head for containing 
any of the loosened matt^, as in the French machines ; but, 
when the boring-head hais been in action for some time, and 
the chisels have loosened and broken up a certain quantity 
of debiis, the boring-head is raised, and another contrivance, 
called the shell pump, is lowered, in order to raise the dSbiis. 
The invention of Messrs. Mather and Piatt, therefore, con- 
sists essentially of two parts, the boring-head and the shell 
pump, sometimes called the sludge pump, both of these being 
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pat in action by the power of steam. One great advantage 
in Messrs. Mather and Piatt's nutchinery is the rapidity with 
whieh it ezeentes the work. The makers state that the 
machine is capable of boring in chalk at the rate of 18 inches 
per honr. At this rate the machine will execute a boring of 
15 inches diameter at the depth of 1,000 feet. Thlsy also 
state that in the red sandstone rock of Ciheshire, Lancashire, 
and the adjacent counties, they can bore at the rate o. 12 
inches an hour. This resolt has, in fact, been considerably 
exceeded, by an expezimental trial of the boring machine, 
which has recently been made at the Salford Iron Works, 
Manchester. The machine there executed a bore hole of 15 
inches to the depth of 212 feet in 141 hours, principally 
through hard sandstones and grit stones, such as are quanied 
at Chester for grindstones. This was at the rate of 18 inches 
per hour, under the obvious disadvantage of working only 
an hour or two each day. Had the machine worked con- 
tinuously, its performance would doubtless have been much 
greater. Messrs. Mather and Piatt announce the capacity of 
the machine to form artesian and other wells up to 8 xeet m 
diameter, through strata of the hardest description, and to 
a depth of 8,000 feet if required. 

TBMPEBATtJlUS OF WELLS. 

Land springs, according to Mr. Braithwaite, have usually 
a temperature of 52^, and water in wells 600 feet deep is 
usually 62^ or 58^. He has understood that the tempera- 
ture increases 1^ for every 65 feet after a certain depth. 

The water in the artesian well at Grenelle, 1,794 feet deep, 
has a temperature of 82^ or 82}° Fahr. (Sir John Robinson 
and Sir WUliam Oubitt). 

The highest temperature recorded in the United Mines of 
Cornwall, which are 1,770 feet deep, was 96° Fahr. (Mr. 
Taylor). 

The temperature is not invariable in mines even at the 
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samo depth ; for instance, Mr. Fox fonnd in his experiments 
(lieport of 7th meeting of British Association) that at the 
aepth of 1,740 feet, where the lode was first reached in the 
cross cat, the temperature of the water was 92^; bat on 
proeeeding along the same cross cat at 10 fathoms from the 
lode the temperature decreased to 86^*8, and at 24 fathoms 
distant it was 85^* 8. Mr. Fox's experiments show an increase 
of 1° of temperatare in 48 feet calculated from the sorface. 

The heat of the water is andoabtedly inflaenced by the 
strata, as the mines in North Wales, although about the 
same depth as those of Cornwall, are much colder. 

In making observations on the temperature of wells it is 
important to observe the depth at which the water really 
issaes from the spring, because it will of course be affected 
by mixing with other water in the well or boring; and if 
standing some time in the well, the sides will exercise a 
cooling influence. Mr. Clarke, the experienced well-sinker 
of Tottenham, says he found water taken from the bottom 
of a well 540 feet deep, at St. Alban's, was 4^ warmer than 
that which was commonly pumped from the same well. He 
also said the water from the bottom of Barclay's brewery 
well, 867 feet deep, is 8° warmer than at the usual water- 
level in the same well. 

Local causes sometimes influence the temperature of 
springs, which are occasionally found warmer at the surface 
than at a greater depth. 

DESCBIPnON or SOME BEMABKABLE WELLS IN AND ABOUND 

LONDON. 

WeU at Messrs, Meux^s Brewery, — ^This well is situated at 
the Horseshoe Brewery, at the comer of Tottenham Court 
Boad and Oxford Street, where the ground is about 70 feet 
above Ordnance datum. The sinking of this well commences 
at a point 22| feet below the surface of the ground, which 
level is called on the plans of the brewery the '' floor-line 
of regions." 
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The following is a tabular statement showing the stractural 
work of which this well consists :— • 

Drath in 

Floor-line of regions 22} fset belov snrfEuse. Top of 7 feci 

briokahaft. 
40 Bottom of brick shaft lined with brickwork built in two rings 

of half a brick each. 
61 Bottom of shaft widening ont from 7 feet to 9| feet in the 

clear, alio lined witb 9 inch brickwork. 
96 Top of iron cylinder 8 feet in diameter, which oommences 

within the brick shaft 5 feet above the baae of the latter. 
96 Top of inner iron cylinder 6 feet in diameter. 
101 Bottom of cylindrical shaft 9} feet diameter in the clear, also 

lined witb 9 inch brickwork. 
1 36 Bottom of 8 feet cylinder. 

144 Bottom of 6 feet inner cylinder (the top part of this down to 
about 129 feet has beoi remoyed so that only the lower 15 
feet are left). 
164} Base of conical excavation in the chalk spreading out to 14 

feet diameter at bottom. 
164^ Excavation contracts to 9 feet diameter. 
166 10 inch Ixne commences. 
173| Bottom of 9 feet excavation, which is then contracted to 

8 feet diameter. 
176 8 inch bore commences — top of 8 inch pipe. 
188 Bottom of excavation 8 feet in diameter. 
343 Bottom of 8 inch bore in hard grey chalk. 

The following are particnlars of the strata passed throngh 
in sinking this well, the depth to the bottom of the stratum 
being given in each case : — 

Depth in 
feet 
Floor-line of regions 22^ feet below sur^EUie. This depth 

above the blue day consists of made ground, diluvial 

gravel, &c. 
44 Blue clay. 
46} Black sand, rather wet 
64 Jointy blue day. 
64} Black sand. 
69} Jointy clay with sandy joints, day stone, and shclk 

(P septaria). 
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Dcnili in 

6 1 Hard jointy day. 

63 Hard blae clay. 

68^ Brown red clay with light blue jointi. 

72 light blue clay with stones. 

f 3 Bine sand. 

7^ Hard red day. 

74} Dark brown day. 

76 Ditto mixed with blue. 

77} Dark yellow day, rather soft. 

79} Dark red clay with sandy joints or partings^ 

80 Bine sand. 

81} Yellow day with blue joints 

84} Dark brown day with blue joints. 

85} Dark brown shelly day. 

88 Dark blue day. 

90 light blue clay. 

91} Black day with sulphur, yery shellyi 

92 Black shelly day. 

95 Mixed ydlow, white, and red clay. 

96} Clay mottled with large patches of red and whit^. 

98 Hard pink clay mottled red and white. 

99}^ Clay mottled with red and brown, and with blue joints. 

101} Mottled red and white day. 

104} Dark brown clay. 

109 Dark brown day mixed with bliMb 

111 Dark blue jointy day 

113 Hard black sand. 

115 Bed clay and sand. 

185 Sand. 

136 GrayeL 

137 Black flints on top of chalk. 
292 White chalk and flints. 
300} . Hard sand rock. 

323 Hard grey chalk. 

831 Hard sand rock. 

838 Hard grey chalk. 

338 Hard sand rock parting. 

843 Hard grey chalk Vith a sand parting at 340} feet 

Water-levels. — The original water-level some years previoiu 
to 1848 is marked on the section about 98 feet below surfaco 

X 
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of groand. The water-level in 1848» the date of the section, 
18 marked at 115 feet below surface. 

The present ordinary level of the water is abont 198 feet 
below sor&ce.of groand. When the pomps were stopped 
for some days five years ago the water rose 6 feet above this 
level, bat has never since been so high. 

At the level of 209 feet from the sarfaee several adits, aboat 
5 1 feet high by 4 4 feet wide, have been driven in varioas 
directions. The entire length of these adits is abont 500 
feet, and as the water stands above the roof of the adits, these 
are consequently always fall of water, and form a reservoir 
of considerable capacity. A large quantity of water was met 
with in driving the adits. 

The occurrence of water in the bore holes below the shaft 
sinking is rather uncertain ; nevertheless, water was noticed 
at the following depths in sinking the bore hole, namely, at 215 
feet from floor-line, or 287^ feet below surface of groand : — 

Also at 265 feet below floor^line. 

300| „ „ „ in hard sand parting. 

828t „ 9, „ 

331 „ „ „ 

338 M t» M in sand rock parting. 

340| n n n ^ bard sand rock. 

On one occasion, seven years ago, when the pumps both at 
this brewery and at that of Combe, Delafield, and Co. had been 
idle for some days, the water stood at 173 feet below the 
surface of ground. 

The well has a duplicate set of pumps, each set consisting 
of three similar pumps. These are each 6^ inches in diameter, 
with an 18 inch stroke. During the hours of working only 
one set of pumps is employed, the other being only used in 
case of accident to the first set. 

The barrels of the pumps usually worked are about 165 
feet below the floor-level, or 187 feet below surface of 
ground. The other set of three pumps have their barrels 
about 8 feet below those of the first set. 
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The SQction-pipe from each set of pumps is 5 inches in 
diameter, and reaches to about 188 feet below the floor-line, 
or 210 feet below surface of ground. Thus they are 10 or 
12 feet below the ordinary surface of water, even when the 
pumping is going on. • • 

The three working pumps are capable of raising per hour 
about 250 barrels of 86 gallons, or about 9,000 gaUons an 
hour. It must not be supposed, however, that this rate of 
working is continued during the whole 24 hours. In point 
of fact, during the four days of the week, from Monday to 
Thursday inclusive, the pumps only work about 7 hours out 
of the 24. On Friday and Sunday they do not work at 
all, and on Saturday only about 5 hours. Hence the whole 
work of the week is i-^ 

Hoon* 
From Monday to Thursday ••••••. 28 

On Saturday •..«.•••••.. 5 

33 

and 88 x 9000 == 297,000 gallons per week ; so that the 
average for each day throughout the year may be taken at 
A^-fti^ =42,480 gallons per day. 

Messrs. Courage and IhnaldsorCs WeU, at the Anchor 

Brewery, Horsleydown. 

This well consists of a shaft 6 feet in diameter and 100 
feef deep, with a boring in the bottom 850 feet deep below 
the bottom oi the shaft. The shaft consists, at the top, of 
an iron cylinder 85 feet in length, resting on a brick shaft 
65 feet deep and one brick thick. 

The following strata were passed through :— > 

Depth froan 
■nrfnoe. Thioknesc 

Feet. Feet. 

82 Gravel and sand and made ground . • • • • 32 

82 Blue clay 50 

9T Coloured clay • • • Id 

112 Bock sand • • . 15 

126| FoBdl Band . , • • UJ 

K 2 
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Depth frook 
fluiiaM. Thickness. 

Veet Feet. 

140| Green sand and pebbles 14^ 

166 Sand with springs ..•••.••.». 14^ 

269 Chalk with flints 104 

860 Chalk. • 91 



The bore hole is lined with an iron tube 18 inches dia- 
meter at top^ then diminishing to 12, and afterwards to 9 
inches. The top of the 18 inch pipe stands 8 feet above 
the bottom of the shaft, or 92 feet from the sar£Eu;e of the 
ground. The 18 inch pipe is about 50 feet in length* The 
12 inch pipe is let down inside the 18 inch, and goes from 
the top of this. The total length of the 12 inch pipe is 
about 65 feet. Then begins the smallest, or 9 inch pipe. 
The water now overflows the top of the 18 inch pipe, and 
stands 9 or 10 feet above the bottom of the shaft, or 90 feet 
from the surface of ground. 

The manager cannot speak to any decrease in the level of 
the water, but believes that in the absence of pumping it 
would stand about 15 feet higher. 

The ^ell has two sets of pumps, placed between 60 and 70 
feet in depth. The suction-pipe draws from the bore hole. 
Each set of pumps will throw about 120 gallons a minnte, 
or 7,200 gallons an hour. 

One set of pumps will work at this rate for 48 hours with- 
out materially decreasing the water-level, and the pomps do 
habitually work 8 or 10 hours a day for 6 days in the week. 

This well was sunk in 1859 or 1860 by Messrs. Easton 
and Amos, of the Grove, Southwark; and they employed 
Mr. Tilley, of Edmonton, as their sub-contractor* 

Well at Bow Brewery, 

The site of the brewery is close to the Lee navigation, 
about 12 feet below level of Bow church. 

The shaft here is about 120 feet, with a boring in the 
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bottom ISO feet below this, making tlie total depth about 
800 feei. The top of the shaft is formed by an iron cylinder 
about 12 feet diameter and 20 feet deep* To this succeeds 
a brick shaft 8 feet diameter. The boring in the bottom is 
7^ inches diameter. The depth to the pmnp-banrels about 
50 feet ; level of water, 60 or 70 feet below surface. The 
pumps "work 14 or 15 hours a day. 

The present proprietors of the brewery had only been in 
possession a few months, and were not in possession of any 
reliable information as to the strata passed through, nor could 
I learn with any accuracy the quantity of water daily pumped. 
The water is slightly tinged with a milky colour when first 
pumped, but becomes perfectly dear after standing in the 
backs. It is used for all purposes, both for brewing and refri- 
gerating ; and is said to be well adapted for pale or bitter 
ale, which was made at this brewery some years ago. 

Well at Messrs. WehVs Mineral Water Works, Islington 

Qreen. 

Level of ground, 105 feet above ordnance datum. 

This is a boring 225 feet deep into the chalk. The shaft or 
well is only about 20 feet deep, and the boring in the bottom 
is 9 inches diameter for the first 100 feet. This is lined 
with a cast-iron tube, and then succeeds a 6 inch boring 
lined with a wrouffht-iron tube. 

The following are the strata passed through : — 

Depthfrom 
norfiioe. TUokiiMi. 

Feet. Feet. 

12 Sand and grarel 12 

60 BlHoelay 48 

130 Mottled day 70 

140 light sand with shells 10 

147 Dark blue day 7 

165 Dark sand and pebbles 18 

175 Green sand and oxide of iron 10 

178, Black sand and shells 3 

181 Flints 3 

225 Chalk and flints • 44 

Total . . . 22^ 
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There bemg no shaft in this ease, ihe pomp-barrel, 4 
inehes diameter, is simply placed in the 6 inch bore pipe, at 
a depth of about 180 feet from the snrfiEuse of ground. The 
water stands, however, at a much higher level than this ; 
namely, at about 155 feet; and formerly rose to within 
95 feet. 

On the sinking of the neighbouring deep well at the Penion- 
ville Model Prison some years ago, the level of water in this 
bore hole sunk about 15 feet ; but the spirited proprietor then 
sunk his bore hole 100 feet deeper, and obtained a plentiful 
supply, which now never sinks below 155 feet. The pnmp- 
barrel contains about 1 gallon, and will deliver at the rate of 
80 gaUons a minute, but the usual rate of pumping is from 
480 to 600 gallons an hour ; and if this were continnons 
during the 24 hours, it is said no diminution of level would 
ensue. 

Independently of the interest presented by this boring into 
the chalk, the mineral works of Mr. Webb are well worthy 
of a visit. The processes of decomposing the chalk by sul- 
phuric acid, storing the carbonic acid which is driven off, 
saturating the spring water with carbonate of soda in crys- 
tals, and then impregnating the water with the carbonic acid 
so as to form a real solution of bicarbonate of soda, are all 
extremely well worthy of observation. Not less so are the 
means taken to avoid all contact both of the gas and water 
with metallic surfaces, and the consequent use of slate and 
earthenware pipes, and even in some cases of silver cylinders 
and pipes. Mr. Webb deserves all the prosperity he has 
achieved for the care and ingenuity, bestowed on every 
department of his works. 

The Well at Trafalgar Square. 

The site of this well is 87i feet above sea-level. The well 
is 884 feet deep, and consists of an open shaft sunk to a 
depth of 148 feet, with a bore hole in the bottom 236 feet i 
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in depth, making a total of 884 feet below the ground 
surface. 

The following strata were penetrated : — 

D^pth fpcnn 
surface. ThlrVriDMi 

Feet. Feet. 

15 Made earth »•••• Id 

31 Sand and grayel ••«•.•••. 16 

169 London day 138 Qf^ 

197 Mottled day 28\ || 

207 Sand and gravel lo|H^0 

241 Gieensand 34) | » 

384 Chalk 143 f^ 

Total. . . 384 

The water now stands about 108 feet below the surlace 
of the ground, and according to Mr. Beardmore, yields 65 
eubic feet per minute, or more than 580,000 gallons in 24 
hours* 



WeU at the Bank of England. 

The bore hole here reaches to 807 feet below the surface 
of the ground, the depth to the chalk being 207 feet. 

The water on the 1st of January, 1852, stood at 61 feet 
below Trinity hign-water mark, and on the 1st of January, 
1869, at 74 feet, showing a diminution of the water-level 
equal to 18 feet during the last 17 years. In January of 
each year the water usually stands 10 feet higher than in 
August, when the level is lower than at any other part of 
the year. 

WeU at the Royal Horticultural Gardens, South Kensington, 

This well is 401 feet deep, and consists of an open shaft 
226 feet deep, with a boring carried down to a farther depth 
of 175 feet. 
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The following strata were passed through : — 



Tfafekni 

Fmt, Feet 

18 lURe earth 18 

40 Oiayel and loam, oontainiDg a little water 22 

238 London clay 198 

280 Mottled clay 42 "t H^ 

292 Pebblee and nnd l^U,!! 

812 Green sand 20 I g^f 

816 Running grey Baud • ^'as> 

317 Flint . . • l) $^ 

401 Chalk • • • 84 



Total. . . 401 

The water now stands about 109 feet below the surface, 
or 129 feet above the base of the London clay. 

This well was executed by Messrs. Easton and Amos, who 
undertook to sink it to a depth of 400 feet for a stipulated 
price, and also guaranteed a supply of water equal to 75 
gallons a minute, or about 108,000 in 24 hours. Not only 
is this quantity available, but it is said the well is capable of 
yielding a million gallons a day if larger pumps and a mora 
powerful engine were employed. 



Well at Guy's HospitoL 

This well is 298^ feet deep. It consists of a shaft 9 feet 
in depth and 8 feet in diameter, lined with 9 inch brickwork. 
The shaft is then reduced to 4^ feet in diameter, the first 25 
feet in depth being lined with 5 cast-iron cylinders; each 5 
feet in length. Below the iron oylinders the shaft is the 
same diameter, namely, 4^ feet in the clear, and is lined with 
4| inch brickwork. A 12 inch bore-pipe extends from the 
bottom of the well to a depth of 298)- feet below the sarfacoi 
and is continued upwards to within 60 feet of the surface. 

The following are the strata passed through :— ^ 
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Depth firoot 
'mr&ce* TUelneM. 

Feet. Peet. 

8 Superficial or made earth ....... 8 

10 Yellow clay 2 

11 Black loam 1 

14 Peat 3 

3d Gravel 19 



fero 

^;;^}9fSBlueclay 63 

118 Mottled day 22 

122 Dark blue day 4 

Total .... 122 

WeU at Messrs, Whithread^s Brewery in Chiswell Street, 

near Finsbury Square* 

JVpthftom 

fiuriiGU!e. 

Feet 

Engine-lioiiBe floor. 

18 Bottom of brick shaft 12 feet diameter in the clear, and about 

3 feet in thickness. 

12 Top of iron cylinder 9 feet diameter. 

34 Bottom ef ditto, and top of brick shaft 8 feet in the dear, lined 

with iron. 

123 Bottom of brick shaft 8 feet in diameter, and one brick in 

thickness. 

120 Top of iron cylinder 7 feet diameter, standing 3 feet above 

bottom of brick shaft. 

178 Bottom of iron cylinder. 

143 Top of inner iron cylinder 5 feet diameter, this being 25 feet 

above bottom of outer iron cylinder. 

183 Bottom of 5 feet cylinder' at top of chalk. 

163 Top of 12 inch pipe, being 20 feet above bottom of 5 feet iron 

cylinder. 

408 Bed of 12 indi bore-hole in the chalk. 

Strata passed through :-^ 

Depth trom 
mriaoe. TbfdmeM. 

Feet. Feet. 

18 Made ground and day 18 

27 Ghravd and little water 9 

62 Blue day 8d 

82 Coloured day, very sandy 20 

92 Black and green sand and shelLi 10 
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Thfckneai 
Feet. 

Ill GnjmmA < . 19 

U9 Saady, ookRirBd day 18 

1S9 GiwBwid 10 

161 Graaa Mnd, stones and pebbles . , 12 

183 8uid 32 

100 



Chalk ooBiiniies. 283 



ne wiier in this weD, from observations made in 1866, 
stood at aboot IdS feet below the sorface. This waa on 
Monday morning, when the pumps had been out of action for 
18 hooia. The naoal water-loYel now is from 170 to 174 
feet below ani&ee, bat the water would rise to 162 if the 
pwnping wen discontinued. 

There are two seta of pumps, both fixed in the 5 feet iron 
cylinder. One set consists of 8 barrels at a depth of abont 
180 feet, with a long soction-pipe which reaches to 173 feet 
in the bore>hole ; the other is a single banel-pump, fixed at 
171 feet, with a shorter suction-pipe. 

Messis. THiitbread have another well situate very close to 
this, and TOiy similar in all respects. 

The pumps in one well throw 8,780 gallons an hour, and 
in the other 8,456, making a total of 7,286 gallons. The 
pon^ weak on the average 20 hours a day during 6 days 
% week, so that the quantity pumped is about 868,820 
fillona, or 144,720 on each working day. 

An analysis of the water was made in 1866 by Mr. 
Houghton GiU, of Umversity College. In this analysis only 
1^58 giains of lime are reported in a gallon of water. The 
Mjl<ai al$o contained *77 grains of silica, 1*04 grains of 
Wiaj^^^w^.. Mid 17*88 grains of soda. The acids are given 
K^i^MNiMy, namely — chlorine, 6*25 grains; sulphuric acid, 
V^^t ; ^ carbonic acid, 6.90. 

iVml^ning these adds with the alkaline earths in the usnal 
>«^imiMr| the analysis will thus stand : — 
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Qraixis 
pergallQn. 

Otfbonate of lime 273 

„ magneeia 2*17 

„ soda 11*01 

Sulphate of soda 13*91 

Chloride of aodium 11*69 

Sflica -77 

Oxganio matter ••• ••• *98 

43*26 

Hardneea oi the water by Dr. Clarke's test . 2*26 
„ ,, „ after boiling two hours *16 

It appears from the comparative softness of this water, 
as well as from the analysis, that this can by no means be 
considered a chalk water. It is evidently derived, in a great 
measure, from the sands above the chalk. The quantity of 
chloride of sodium (common salt) is remarkable ; but in this 
respect, as well as in the large quantity of sodium, the ana- 
lysis closely resembles that »f numerous deep wells in the 
chalk. 

Messrs. Whitbread very kindly allowed me access to an 
excellent section of this well, nukde in 1866 by Messrs. K» 
Moreland and Son, of Old Street Eoad. 

Well at the Lien Brewery, Belvedere Boad, Lambeth* 

This was formerly the breweiy of Messrs. Goding, but now 
belongs to a company. 

The following statement shows the construction of this 
well: — 

Depth from 
Burftoe. 

Surfkce of ground, being about tbe level of Trinity high water 
mark, or 12 J feet above Ordnance datum. Top of iron 
cylinder 6 feet diameter. 

42 Bottom of iron cylinder and top of brick abaft 6 feet diameter 
and one brick thick. 
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160 Bottom of e feei brick ihaft 

116 Top of old 6 inflk bofe pipe. 

132 Top of new 12 inch pipe. 

308 Bottom of e incii pipe. 

408 Bottom of 12 inch pipe. 

The foUowing we the strata passed through : — 

DqithtMiow 



Thieknev 
'^•t Feet 

14 Kadegroond 14 

24 Sand 10 

83| Bhingle 9^ 

131| Bine day 98 

172^ Yarions-ooloQied clay 41 

182^ Pebblea, with water 10 

104} Green aand, no water 12 

214} Band, main eprings 20 

408 Ohalk 193) 

408 

This well was simk in 1887, when the water-level was 
about 40 feet below the sor&ce. It is now about 86 feet 
below the surface. 

There are 2 sets of pumps in this well, 8 in each set. 
They are of the same capacity as in several of the other 
large breweries, each set throwing about 200 barrels an 
hour, and as each barrel contains 86 gallons, this is equal 
to 7,200 gallons an hour. No deficiency of water com- 
plained of. 

The average quantity of water pumped from this well is 
about 72,000 gallons a day. After 12 hours' pumping the 
water-level is reduced about 10 or 12 feet. The well was 
erected in 1887 at a cost of about £1,200. The contractors 
were Messrs. Baker of Southwark Bridge Eoad. (Informatioii 
famished by Mr. T. J. Thompson, secretary to the Lion 
brewery Company, limited)* 
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Messrs. Eeid's Well at Liquorpond Street. 

This well is 222 feet 5 inches deep from snr&ce of ground 
to bottom of well. 
The following strata were passed through :~- 

Deptiifrom 

•»™i^ Thicknesi^ 

ieet Feet. 

7 Made ground •••.. 7 

16 Gravel 9 

18 Yellow clay 2 

58 London clay 40 

102 Clay and sand (Woolwich) 44 

156 Sand (Thanet) 54 

222-5 Chalk 665 



222-5 



Two trials were recently made of the height at which the 
water stands with the following results : — Sept. 23, 1869. 
Afler an entire cessation of pumping during 84 hours the 
water stood 83 feet deep in the well, or 189*5 feet below sur- 
face of ground. Sept. 24, 1869. After cessation of pumping 
daring 24 hours the water stood 17i feet deep in the well, 
or 205^ feet below surface of ground. The latter depth is 
very constant, and the one usually allowed to accumulate. 



Well at Kensington Gardens, 

Snnk for supplying the Serpentine when the Bayswatet 
Brook, owing to the admixture of sewage, became too offen- 
sive for the purpose. 

This well is 321 feet in depth, and the water rises to within 
105 feet of the surface. For 203 feet in depth the well is 6 
feet in-diameter, lined with the following thicknesses of 
brickwork : — 



906 
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26 tet witli 9 inch 


•7 „ 


n ^a » 


6 » 


» « ,. 


10 „ 


„" » 


6 » 


»» • » 


•1 » 


ft ^ 99 



208 feet 



The remiunder of the well is lined with iron cylinders 
4 feet 6 inches in diameter. These cylinders are continued 
inside the steining to within 173 feet of the surface. 



Thickness. 
Feot. 



SspthfiOB 
•orfiwt 

^122 Made ground and London clay • • • 122 

127 Sheila and sand 5 

137 Mottled day 10 

141 Sand and pebbles 4 

146 Mottled day, green-ooloured sand, and 

pebbles 4 

149 Qreen-colonred sand and pebbles . • 4 

162 Qzeen-coloured sand 3 

^196 Grey sand 44^ 

196} Layer of flints i 

298} Chalk i « 102 

Total . . . 298} 



•-eg 



3.® 



AmweU HiU Welly near the source of the New Eiver, in 

Hertfordshire. 

This well is sunk entirely in the chalk, the entire depth of 
well and boring being 161 feet. The shaft is lined with 
9-inch brickwork for a depth of 84 feet irom the surface ; 
then succeeds a shaft 10 feet diameter, without any lining. 
From this shaft headings are driven 6 feet high, and 4 feet 
6 inches wide. Li the centre of the shaft is a 2 feet here, 
which at some depth is reduced to 9 inches. This well is 
said by Mr. Mylne, in his evidence on the Metropolis Water 
kSupply, 1862, to yield 2,466,000 gaUons a day. 
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Cheshunt Well of ths New Biver Company, — London clay 

formation. 

The entire depth of well and boring is 171 feet. 
The following is the constniciion : — 

Depth. 
Feet. 

Shaft 11^ £Bet diameter, lined with 14 inch hrickworfc . 12 
Shaft 9 feet diameter, lined with 9 inch brickwork . . 44 
Cast-iion cylinden 8 feet in diameter, carried up to 
. within 16 feet of the Bnr&ce, making depth of cylin- 
ders 90 feet ^ 49 

GMt-iron cylinders 6 feet 10 inches in diameter, rising 

35 feet within 8 feet cylinders, equal in depth to 

36 feet 1 

Bottom of cast-iron cylinders 6 feet in diameter and 13 

feet below that of 8 feet 12 

Brick steining, forming fonndation for 6 feet cylinders . 7 

Bottom of cone 12^ feet diameter at base 19 

Headings are driven at this leyel 7 feet high and 

4} feet wide. 

Bore-hole S inches diameter 27 

Total ... 171 
The following strata were passed through : — 

l>epth below 
•orfiuse* Thiekneii. 

Feet. Feet. 

1^ Superficial earth 1^ 

9} Grayel 8 

CSay. ( ^^i ^^^® ^^ * ' ^ 

56} Yellowclay 2j Reading 

68} White sand 12 | and Thanef- 

107} Dark-coloured sand 39) Series. 

171 Chalk 63} 

Total ... 171 
This well is said to yield 702,000 gallons a day. 

Sir Henry Meux*8 Well at Cheshunt. 

This well is 71 feet deep, with borings in the bottom 
extending to a depth of 202} feet from the surface. 
The actnal shaft of 71 feet in depth is lined with 4} inch 
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brickwork. The remaining 181^ feet consist of a bore^hole 
commencing at 7 and then reduced to 4 inches. 
The following strata were passed through : — 

Deiithbdow 

vnr&oe. . TldckneM. 

Peet. Feet. 

6 Gravel ••••• 5 

64 Blue day 69 

76 Coloured clay 12 

77 Dark-coloured sand 1 

82} Sand and pebbles 5} 

86} Bright sand 3 

120} Dark sand 35 

124} Flints and chalk 4 

202J Chalk 78 

Total . . . 202J 

WeU at Crossness, 

This well has been sunk to endeavour, if possible, to obtain 
a large supply of water for condensation of the steam pro- 
duced by the large pumping engines employed by the Metro- 
politan Board at Crossness. The average quantity of water 
required here for condensation alone is about 600 gallons 
per minute, or 864,000 gallons per day of 24 hours; but 
the maximum required for that period would be double this 
quantity. In addition, about 2,500 gallons per day would 
be required for domestic purposes. 

In the construction of this well a shaft, lined with iron 
cylinders, has been sunk to a depth of 81} feet. In this an 
18 inch bore-pipe has been inserted, commencing at 50 feet 
below surface, and carried down to a depth of 166 feet below 
surface. To this succeeds an 18 inch bore, without any 
lining, carried down through the upper and white chalk into 
the chalk marl, about 552 > '^et, or to a depth below surface 
equal to 718} feet. The bo^^g then diminishes to 5 inches, 
a pipe of this size commencing at 785} feet, and extending to 
^4^ feet below surface. At 849 feet a 4 inch pipe corn- 
ices, namely, 85} feet above bottom of 5 inch pipe, and 
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is canried down 81 feet, namely, to 980 feet below surface. 
A 8 inch pipe commences at 909 feet below surfiBtce, and is 
carried down 48 feet, or to 957 feet below surface. Below 
this is a 2f inch pipe, which only extends about 4 feet, or 
to a total depth below surface of 961 feet, when the further 
prosecution of the work was stopped. 
The following strata have been encountered :— 

sarface. Thioknen. 

Feet. Feet. 

12 Made ground ..•••••«• 12 

13} Alluvial deposit ........ 1} 

17 Light brown clay 3^ 

20f Blue Bilt7 day, with vegetable matter . 3f 

27 Peat, with remains of forest trees . . 6^ ^ 

28} Dark grey silty clay 1} 

30 Peat and day in thin layers with de- 
cayed wood ... 1} 

32} Dark grey silty clay ••.•••• 2} 

34} Silty sand 2 

83i Grey rectangular flint gravel (sometimes 
partaking of the diaraeter of run- 
ning sand), intermixed with iron 

pyrites and blue day 49 

95 Sand with flint and shells, very hard . 11} ^ 
99} Fine sand, with flints, pebbles, and 

small shells 4} 

101 Fine green sand 1} 

103| Fine grey sand with small flints ... 2j 

113} Fine dark sand and flints ..... 9| 

149 Fine light Woolwich sand 35} 

154 Sand strongly cemented by iron pyrites 5 

155} Loam and pebbles . . 1}^ 

156 Layer of flints }' 

602 Chalk with layers of flints £rom 2ft. 

6in. to 6fL. apart 446 

Chalk marl with few flints .... 200 




P 

B 






i 




P 

B 



in 

HI 



802 



814 



961 
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s 



) 



Sandj gieen marl .•..,.. 12 
GftultcUj 147 Qaxdt 






961 
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The bore-holes of this well should evidently have been of 
much larger capacity, and should not have been reduced so 
rapidly. At the depth now reached the bore-hole should 
have been 10 or 12 inches diameter, instead of 2f . 

The present bore-hole has not penetrated the ganlt by 60 
or 70 feet. Below this depth the lower green sand would 
probably be met with, so that, if the boring were continued 
another 100 feet, an abundant supply of water would pro- 
bably have risen in the bore-hole. 

Well at the Crystal Palace. 

This well is 8i feet in diameter, and is sunk to a depth of 
245 feet. 

At this depth a boring was commenced, and fitted with 
pipes 15 inches diameter. 

At 150 feet from the surface several headings were driven 
from 80 to 50 feet in length. These were commenced at 
4 feet in height, but considerably increased as the work pro- 
ceeded. 

At a depth of 259 feet the boring passed through a bed of 
sand between two beds of plastic clay, and from this sand 
the water rose in the well to a height of 142 feet, and filled 
the headings in eight hours. 

The boring was continued through the lower tertiary sands 
till it reached the chalk at 860 feet in depth, and had pene- 
trated the chalk 190 feet, thus reaching a depth of 550 
feet below surface. 

It must be observed that the main supply of water in 
this well is derived from the sand spring at 259 feet, and 
very little addition to this was gained by the deep boring 
into the chalk. 

The well was sunk in 1858-5, and no accumulation of 
sand took place until this year, when it was necessary to take 
out about 25 cubic yards, leaving still some accumulation 
which will require early removal* 
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WeU at Cold Bath Fields. 

This well was sunk in 1866-7 by Messrs. Baker and Sons 
for the Visiting Justices of Middlesex. The well commences 
with a diameter of 6 feet 10 inches, being lined through the 
gravel and diluvial clay with five iron cylinders of this 
diameter. Below this extends a shaft lined with 9 inch brick- 
work to a depth of 102 feet from sniface. Iron cylinders 
5 feet 2 inches in diameter were then inserted down to the 
chalky which was reached at 182 feet from surface. The well 
was then excavated to a diameter of 10 feet, and by the time 
20 feet of this size had been sunk, a supply of water was 
obtained equal to 150 gallons a minute, or about 216,000 
gallons in twenty-four hours. The water issued with great 
force through the horizontal partings of the chalk. This 
supply was deemed by the Justices sufficient for their pur- 
pose, otherwise a much larger quantity could doubtless have 
been obtained by sinking deeper. 

WeUs of the Kent Waterworks Company. 

These wells afford fine examples of the supply derived 
purely from the chalk. One of these wells, sunk by Messrs. 
Baker and Sons, at Shortlands, passed through about 6 feet 
of gravel, and then nearly 60 feet of Thanet sand into the 
chalk. All the gravel and sand springs were cut off and 
prevented from entering, and after this a very copious 
supply was obtained from the chalk. 

WeU at Walker*8 Brewery, Limehouse. 



This IS a well just completed by Messrs. Baker and Sons, 
in which a large volume of water was found in the gravel 
overlying the chalk — about 180 gallons per minute. The 
well is sunk through very variable strata down to the chalk, 
in which a boring is made to the depth of 160 feet. 

The water from the chalk rises in this well upwards of 
100 feet above the spring, and it is calculated the supply 
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of ehalk water alone will be over 25,000 gallons an hour. 
The brick lining of this well is formed of the best bricks, 
burnt from the ganlt clay, and set in Boman cement ; bat 
the whole of the well below the water-line is cased with iron 
cylinders. 

Well at the North Surrey Schools, Anerley. 

A well was sunk here by Messrs. Baker in 1867» to a 
depth of 220 feet, in London and coloured clays. A boring 
of 48 feet was then made through pebble beds and mottled 
clays. At a depth of 248 feet from the surface a bed of 
sand 9 feet in thickness was reached; this bed was yery 
fully charged with water, which rose rapidly till it reached 
a height of 118 feet in the well, or 102 feet from the surface. 

This spring has ever since entirely supplied the schools. 
Three pumps, each 5| inches diameter, were put to work, 
and have been daily in action ever since,' always with an 
ample supply. 

The level of water in this well is considerably affected 
when extensive pumping is going on at the Crystal Palace ; 
showing that the supply is probably derived in both, cases 
from the same sand springs, and that no impervious fault 
exists between them. 

Well at the Lunatic Asylum, Colney Hatch, 

Was executed by Messrs. Baker and Sons. The chalk was 
found in this well at a depth of 189 feet from the surface, 
and a large supply of water was obtained both from the 
chalk and from the tertiary sands. The depth sunk in the 
chalk amounted to 141 feet. 

Well at the Victoria Terminus of the London, Brighton, and 

South Coast Railway at PinUico, 

A well was sunk here by the Messrs. Baker in 1861 of 
the following construction : — Oast-iron cylinders 6 feet in 
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diameter were driven throngh the gravel into the London 
eky, after which the shaft was lined with 9 inch brickwork 
to a depth of 140 feet below the surface. This was entirely 
through London and mottled clay. A boring was then com- 
menced, and this, at 177 feet below surface, came to sand 
and water. About 9 feet, or to a depth of 186 feet, the 
8and was so mnch indurated as to resemble stone, and the 
colour very white. Sand continued to 190 feet below sur- 
face, then came white and mottled day to about 206 feet. 
Then Thanet sand for about 68 feet down to the chalk, 
which was reached at 264 feet below the surface. This 
well yields a good su^^ly of water entirely from the sand 
springs, and when the well was first sunk this water rose to 
within 7 feet of the surface. 

Well at Old Maiden. 

This is a well executed by Messrs. Baker in 1859, for the 
London and South Western Railway Company. The sink- 
ing passed through 281 feet of London and mottled clay into 
a bed of sand about 4 feet in thickness, and very full of 
water. The water from this bed rose very rapidly, and so 
high as to overflow the surface. It is said this overflow has 
continued ever since. 

WeU at Messrs, Waltham Brothers^ Brewery ^ StockweU. 

This well is sunk and bored to a depth of 880 feet. The 
first 100 leet iS an open shaft lined with brickwork, and the 
remaining 280 feet are bored. The pipe rises about 40 feet 
above the bottom of the bore-hole, and the water overflows 
the pipe within 60 feet of the snr&ce. 

The first 21 feet consist of made ground and reddish 
gravel, then 79 feet of London clay, making the 100 feet 
depth to which the well is sunk. The bore-hole then passes 
through the lower tertiary bedS; which, are chiefly sand. 
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with a few strata of day. The depth of these is 92 feet, 
when the hore-hole reaches the chalk, into which it pene- 
tratoa nearly 190 feet. 

Well at Greenwich Hospital, 

This well is snnk to a depth of 155 feet, and continued 
by boring to a farther depth of 150 feet, making a total of 
805 feet. 

Tho following strata were passed through :-* 



Bor&ce soil and alluvial 
Gfrayel •.•••• 
Black sand .... 
Blue day and shelly rock 

Bed day 

White Band and water 
Green sand and pebbles 
Dark sand and water • 
Bed of flint .... 
Chalk . 



Ft. in. 

11 

33 
4 lO' 
4 10 
6 
4 
4 

66 10 
1 
180 e' 

306 



o 

I 



This well produces 120 gallons per minute, the water 
rising to within 19 feet of the surface. 



Chalk Wells at Watford. 

The water in this neighbourhood is met with so near the 
surface of the ground, that it is usual to sink a shallow well 
of large diameter, and put down a bore-hole at the bottom. 
The large size of the well affords a lodgment for the water, 
and 3erves the purpose of a small underground store reser- 
voir. The well recently sunk at Watford for the supply of 
the town is 15 feet in diameter, 83 feet deep, and lined 
with 9 inch brickwork, all laid as headers. The upper 15 
feet is laid in cement. The well is domed over with 9 inch 
brickwork, laid in Portland cement, a circular man-hole, 



I 



•I 
r 
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8^ feet diameter being left in the centre, and covered oyer 
with a Tork landing-slab. 

A bore-bole, sufficient to admit a pipe of 12 inches clear 
internal diameter, has been made to the depth of about 
70 feet in the bottom of the well. A pipe of this diameter, 
.\0 feet long, is inserted in the bore-hole. The pipe is of 
galvanized cast-iron, i of an inch in thickness. It is fur- 
nished with a flange at the top, to prevent it sinking into the 
bore-hole, and is so fixed as to have its upper part or flange 
B inches above the floor of the well* 



ADDrnONAL WELLS MENTIONED BT MB. BEABDMOBE. 

WeU in the Hampstead Road, sunk by the New River 
Company, on a site 90 feet above mean sea-level. 

Well at Woolwich, on a site 22^ feet above mean sea- 
level. Depth in chalk, 580 feet ; yield, 160 cubic feet per ;> 
minute, or 1,400,000 gallons per day. 

WeU at Brompton, on a site 152 feet above mean sea- a 

level. Depth in chalk, 160 feet ; yield, 88 cubic feet per i 

nunute, or nearly 297,000 gallons per day. 



BEGENT WELLS SUNK BT MB. PATEN. 

Well at Harrow, for the supply of the town, sunk on a 
spot where the surface of the ground ^'s 266 feet above 
Ordnance Datum, or mean level of the sea. 

Shis well is 6 feet in diameter, and is sunk to a depth 
of 198^ feet, partly in London clay, partly in the under- 
lying coloured clay and sands, and partly in chalk. A 
boring of 15 inches diameter then passes through 210 feet 
of chalk, making the entire depth of 408| feet below the 
surface. 

The following are the strata passed through :— 
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Ft iA. 

Brown okj 32 ) _ . , 

Blueolay 79 o/^^^^^^' 

Haiidandpebblef .... 23 o) ^'^•-tic clay. 
duOk with flinto . ... 243 6 

403 6 

The asaal pebble bed was met with at the base of the 
London clay. 

The water rose in this well to within 125 feet of the 
surfiEUse, or 141 feet above Ordnance Datnm. When the 
water is pamped at the rate of 200 gallons per minute, the 
water stands permanently at 12 feet below this level, or 
129 feet above Ordnance Datnm. 

It is unnecessary at present to pump more than 200 
gallons a minute, as the supply required for the town is 
only about 150,000 gallons a day, in addition to which the 
Harrow Station of the London and North- Western Bailway 
has to be supplied. The well would doubtless yield con- 
siderably more if it were required. 

Edgeware Public Well. 

Bite of well 188 feet above mean sea-level, and the water 
rises to within 90 feet of the surface, or 98 feet above mean 
sea-level. 

The well is 4 feet 6 inches diameter, and 90 feet in depth, 
and below this is a 7 inch boring 201 feet deep, making a 
total depth from surface of 291 feet. 

The following strata were passed through : — 

Feet. 
Brown clay and gravel • .... 20 \ 
Blue clay 66/ I^^donday. 

Coloured day, sand, and pebbles, | 
ihiongh which fiO feet in length of 8 LteJfl^ 
inch, pipes were driven into the chalk 64 

Chalk and flints 16l' 



{days and sandik 
7 



291 
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The quantity pnmped is nncertain, and is considerably 
more in smnmer than in winter. If the present pomps, 
however, were worked regularly, the well would yield at 
least 50,000 gallons per day. 

Well at the London Orphan Asylum, Watford* 

This well is sunk on a site about 190 feet above mean 
sea-level, and the water rises to within 52 feet of the sur- 
face, or 188 feet above mean sea^level. The well is 6 feet 
in diameter, and 51 i feet deep. In the bottom is an 8 inch 
bonng, 255i feet deep, making a total depth of 807 feet. 

The following are the strata : — 

Feet. 

Brown day •••••••• 12} 

GiaTel 19} 

Sand 18 

Chalk and flints 267 

d07 
Yield of well about 80,000 gallons a day. 

Well at Alperton, near Ealing, 

This well is sunk on a level with the rails at Sudbury 
Station, on the London and North- Western Railway. 

The well is 5 feet in diameter, and 195 feet deep, with 
a 10 inch boring in the bottom 205 feet deep, making total 
depth 400 feet. 

The water stands 85 feet below top of well. 

The following strata ^ere passed through : — 

Feet. 

Ydlowday 26 1 j^^^y^ 

Blue day U© / ^ 

Colouredday 36 1 ^o^er tertiary. 

Band and pebbles .••«... 17 * 
Oialk aad fikiti ..••••.. 182 

400 

L 
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it poa^* hxwe not yet been fixed ; bat it is 
fioUUe Ike veH will jidd neeily 800»000 gallons per day. 

WfU M BertikmrnptUmi^for n^ppUf of ths Town. 

Tlie fite of this well k 840 feet above Ordnance Datum, 
and the wal« stands within 8 leet fimn top of well, or 882 
feet above Ordnanee Datnsa. 

The acteal wefl is 4 fiaet 8 JDebeo in diameter, and is only 
sank 10 €eet deep, and is then soeeeeded by an 8 inch boring 
200 feet in depth, making a total of 210 feet. 

Strata passed ihron^:— • 



Qaj 6 

GnTBl 6 

Chalk and flinfti .198 

210 

The quantity pomped from this well and boring is about 
50,000 gallons a day. 

WeUs ttmk ai Dancers^ End^ near Tring, for ths ChiUern 
HilU Water Company^ to supply the tounu of Aylesbury and 
Tring. 

These works are of considerable magnitude, and consist of 
three wells, each 286 feet deep, with adits 541 feet in length, 
and five borings of 7 inches diameter, each about 55 feet 
deep. The surface of the wells is 562 feet above sea-level, 
and the water line is 178 feet below this, or 884 feet above 
mean sea-level. 

The three wells are respectively 4}^, 5^, and 6 feet in 
diameter, and are wholly sunk in chalk. The adits are 5} 
feet wide and 7 feet high, and are driven at 226 feet below 
top of wells. 

The average quantity of water pumped per day is about 
400,000 gallons. 
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It seems clear from the SDalyses of water from most of 
the brewers' wells in London that the supply is chiefly from 
the mass of grey sands overlying the chalk, and not from the 
chalk itself. The waters are never hard enough for true 
chalk waters, nor do they contain any large proportion of 
carbonate of lime. The alkaline salts, in fieust, are chiefly 
sulphates and chlorides. 

It appears that the most certain method of obtaining 
water in the chalk is by driving adits, headings, or driftways, 
and not by boring. 



ON SUPPLIES OF WATEB FBOM THE LOWEB OBEEN SAND IN THB 

NBIOHBOITBHOOD OP LONDON. 

The success of the artesian wells at Passy and €h*enelle, 
near Paris, has been sufficient to induce several attempts to 
procure water by sinking or boring into the lower green sand 
near London. 

The Paris wells and borings have successively penetrated a 
great mass of tertiaries overlying the chalk, then the chalk 
itself, then the upper green sand and the gault, and finally 
have reached an abundant supply of water in the lower green 
sand. 

The succession of strata in the London basin underlying^ 
the chalk has usually been considered the same as that iu 
the Paris basin, and hence considerable works have been 
undertaken with the view of procuring water by sinking 
through the chalk down to the lower green sand. 

The borings at Paris, which penetrate the lower green 
sand, are 1,800 feet in depth ; but the configuration of the 
London basin induced geologists to suppose that beneath 
London the lower green sands would be reached at a 
depth considerably less than this. Numerous sinkings 
which have recently been made through the chalk between 
Calais and London have proved that the same succession 

I. 2 
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does not everywhere prevtiil, and that much older rocks 
seem in places to succeed the chalk than those whieh are 
fonnd heneath the chalk of Paris. Thus at Calais, it was 
foondy after the dialk had heen penetrated to a depth of nearly 
1,800 feety that all the secondary rocks were then absent, 
that there was no green sand, no oolites, nor even red sand- 
stone, bat that rocks of the carboniferous series actually sue- 
ceeded and tmderlaid the chalk. At Harwich, again, it was 
found that the chalk, which was passed through at a depth 
of 1,000 feet below the surface, was immediately followed 
by slates which probably belonged to the carboniferous 
series. 

At a well sunk by the New River Company at Kentish 
Town, the gault was found beneath the chalk ; but after a 
depth of 1,118 feet had been reached a series of red sand- 
stone beds appeared, in place of the lower green sand. 

All these facts seem to liend great authority to the view 
that some great axis of elevation connects the coal districts 
of Belgium and the Bas Boulonnais with the granitic country 
of Cornwall, the Channel Islands, and Normandy. 

Coal is now worked beneath the chalk in the neighbour- 
hood of Gnines and Marquise, between Boulogne and Calais; 
and it is quite possible that the same great axis of elevation 
which has there brought up the coal formation has caused a 
vast upthrow of Palseozoic rocks between Dover and the West 
of England before the deposit of the chalk. 

At the same time it is quite certain that the northern part 
of the London chalk basin contains the strata in regular 
succession* At Beigate and Dorking, on the south side^ and 
at Dunstable and Ampthill, on the north, the gault is seen 
regularly succeeding the chalk, and the lower green sand is 
seen regularly passing under the gault. This regularity is 
farther evidenced by numerous borings and wells, which are 
sunk for water all along the outcrop of the chalk from 
Leighton Buzzard to Cambridge, and by the coprohte work- 
'ngs, which frequently pass through the gault and pene- 
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traie the lower green sand, for the pnrpoBe of procuring 
water. 

The tote-well rank on Lord Brownlow's property at 
Eddlesbofoogh, Bucks, under the direction of Mr. T. McDou- 
gall Smith, shows the regular succession of ganlt and green 
sand, as follows : — 

The boring was 6 inches in diameter, and passed through — 

Feet 
Lower chalk ...•• \ 

Cbalkmarl ( 63 

Ul^mr green fland . .^ J 

Gault 205 

Lower green sand ,.33 

301 
The bore-hole is lined for the entire depth with iron tubing. 

72 feet from surfaee, wHIl 4) Inch inbe. 
216 „ deep, with 3 „ „ 

13 „ „ „ 2aadli „ „ 

SOI 

The water in the old wells probably arises from chalk 
springs, and is obtained at a depth of 4 to 5 feet from the 
sorfsice; but the boring, which passes through the gault, 
has tapped «nd given access to the water of the lower green 
sand. This water rose to the height of 79 feet from the 
soiface, and during the next six months it rose 9 feet higher. 

The working barrel in the tube is 2i inches in diameter. 
This well affords no criterion of the quantity which might be 
ohtained from the lower green sand, as the boring is exces- 
sively small, and the quantity required is only for the supply 
of four cottages — ^probably about 100 gallons a day. 

The well recently sunk at Arlesey for the Three Counties* 
Asylum is on a much more extensive scale, and affords 
results which are much more striking. The works at 
Arlesey consist of two wells, each 6 feet in diameter and 
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120 feet deep, and in one of these a boring 10 inches diame- 
ter has been made to a farther depth of 860 feet. 
The following were the strata passed through :— > 

Ft. in* 

Loam and sand 70 

Xiower ohalk, chalk marl and upper green sand . . 113 

Gaolt 204 6 

Lower green sand •••••••••••. 155 6 

480 

The supply of water is equal to 60,000 gallons a day, 
being equal to the requirements of a veiy large asylum 
built for three counties, and in which the use of water is 
encouraged on a very liberal scale for sanitary and other 
purposes. 

The water from chalk springs in the Arlesey wells stands 
about 60 feet below surface, and the green sand water from 
below the gault rises to a height of 110 feet below surface, 
or a little above the leyel of the gault. The well is sunk on 
a site about 288 feet above mean sea-leveL^ 

The artesian wells of Cambridge have been already alluded 
to. These wells are commonly dug through the gault down 
to the lower green sand, and furnish usually a very copious 
supply of water. The numerous coprolite works in the 
gault district north of Hertford, such as those of Stonden, 
Shillington, and Arlesey, have numerous wells and borings 
sunk through the gault into the lower green sand. The 
gault in these workings is usually about 200 feet thick, and 
the supply of water about 40,000 or 50,000 gallons from 
each well. 

The numerous overflowing artesian wells in Wrest Park 
and the neighbourhood of Silsoe, south of Ampthill, are 
very interesting. These are mostly bore-holes, which pene- 
trate the gault down to the lower green sand. In most of 
these the water rises 8 or 10 feet above the sur&ce, and 
flows perpetually through a bent pipe into a reservoir formed 
to receive it. 
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WELL8 m THS MEW BSD SANDSTONE OV BIBMINOHAK AND 

WOLVEBHAMPTON. 

Mr. Thomas Clarke, who was called to report on the 
water supply of Binniiigham, made in the automn of 1852 
an experimental boring 187 feet deep, from which he 
obtamed 115,200 gaUons per day of twenty-four hours. 
From this result, and from surveys which he says he has 
made, he reports that a supply of 700 gallons per minute, 
or upwards of a million gallons per day, may be relied on 
from wells. He recommends that four shafts should be 
smik, each 8 feet diameter in the clear ; and that besides 
these a pumping-shaft, 10 feet diameter in the clear, should 
be sunk to the depth of 90 feet, and all the other shafts 
eonnected with it by means of oval-shaped driftways or 
adits. He recommends that all the shafts be lined with 
U inch brickwork, and that in the bottom of each shaft a 
boiing of 15 inches diameter should be made to the depth 
of 140 feet below the surface of the ground. In each bor- 
ing is to be fixed a cast-iron pipe 12 feet in length, which 
is to be securely driven to the depth of 8 feet below the 
bottom of each shafL The tops of the shafts to be covered 
^th wrought-iron chequered plates fixed to strong iron 
girders at the surface of the ground. 

In connection with the shafts he also recommends a cast- 
iron tank to be erected of the foUowiug dimensions, namely, 
120 feet long by 60 feet wide, and 5 feet deep. The tank 
to be constructed of cast-iron plates i inch thick, upon 
Btrong cast-iron girders, to be fixed on brickwork. The top 
of the tank to be covered with a light glazed iron roof. 

^e capacity of this tank would be 225,000 gaUons. The 
eost of the shafts, tank, and pumping machinery, as esti- 
mted by Mr. Clarke, is JB27,500. 

In September, 1854, Mr. Robert Bawlinson and Mr. 
^igott Smith reported on the water supply of Birmingham, 
ftQd condemned in toto the project of sinking wells. 



224 WBLLS IN THB KEW BSD BAKBSTONX. 

They support their argoments hy reference to two deep 
mines sank in the new red sandstone at a considerable 
distance apart — ^namely, the Pendleton Colliery, near Man- 
chester, and the Monkwearmonth Colliery, near ScuuLerknd. 
They observe : ** After a depth of 900 feet verticsd had hten 
attained, the strata were found to be eompamlavely dry, and 
water had to be passed down into tiie workings to water ihe 
roads, they were so intolerably dusty. The water obtasned 
at the deepest points to which it was found to penetrate was 
impregnated with mineral as strongly as brine. Both these 
shafts yielded water in the upper beds to the depth of several 

hundred feet. This had to be tubed out by a casing of cast- 

* If 
iron. 

They adduced as failures of wells in the newredsim&tone 
the city of New York and other places in America, besides 
in this country, Manchester, Salford, Liverpool, and Wol- 
verhampton. 

The Tettenhall well of the Wolverhampton Waterworks 
Company is an ellipse of 11 feet by 7 feet 6 inches, with one 
side flattened. These are the dimensions in the dear, inside 
the brickwork. The first 16 feet consist of u^iUaoeous 
marly beds, changing for the next 4 feet into mottled san^ 
ro&k, and below this into the soft red sandstone of the dis- 
trict. The first 8 feet of the shaft; is steined with 14 iiich 
brickwork, and the next BO feet with 9 inch brickwork. 
The whole of the steining is puddled behind in order to keep 
out land springs and the water from the neighbouring wells. 
Where the brickwork commences on the top of the solid 
rock, an elm curb 9 inches wide and B inches thick, is in- 
troduced below the brickwork. The curb rests on a well- 
worked bed of white clay, 6 inches thick, which is laid upon 
the rock, and the puddle behind the steining is worked into 
and carried up in connection with this white day, which was 
procured from a coal pit near Bilston, and cost Ss. 6^. a ton. 
The depth of the well is about 140 feet, and the lower 106 
eet is not steined at all, the rock being sufficiency firm to 
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Bta&d without lining. Several headings were driven at the 
height of 6 feet above the bottom. These headings are of 
irregular size, some being 6 feet high, some as much as 14, 
and some not more than 4 feet. The usual width is 4 feet, 
and there are in all about 1,100 lineal yards of heading. 
The usual work of a man in driving the headings was about 
H cuHe yards per day. 

The water when not acted on by pumping stands about 
20 feet deep in the well. 

The Company has at Tettenhalltwo smaller shafts, each 5 
feet diameter in the clear, which were used for air shafts and 
for pumping out the water during the sinking of the main shaft. 

The Company has also two shafts at Goldthom, on the south 
side of Wolverhampton. These sie each 7 feet in diameter, 
800 feet deep, and are sunk within a lew yarde of each other. 

The first 12 feet consist of argillaceous beds, and this part 
is lined with brickwork. The shafts then pass through about 
36 feet of the conglomerate or indurated gravel beds peculiar 
to this part of the Permian series, and this portion is not 
steined. The strata below the conglomerate bed are argil- 
laceous and marly, and are lined all the way down to the 
bottom. The beds dipped across the shaft in a westerly 
direction, at the rate of about 2 feet per yard. A spring 
occurred in the gravel bed which drained the neighbouring 
wells. The strongest spring was met with at a depth of 50 
or 60 yards from the surface. The w«ter fell off much 
towards the bottom of the sinking. 

There is a bore-hole 180 yards deep in Uie bottom of the 
well. The bore-hole is tubed with iron 8i inches diameter 
in the clear at top, and 2^ inches diameter at bottom; The 
8^ inch tube extends 25 yards in depth, the remainder being 
2 inch. 

The first heading was driven to the west in the same 
direction as the dip, and, therefore, in consequence of ihe 
rapid dip, intersecting a great number of beds. This head- 
ing was 180 yards in length, and was driven with an in< 

L 8 
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clination upwards of about 1 in 20. The prineipal porticn 
of the water was obtained by means of this heading. The 
other heading was driven 28 yards to the south, in the line of 
the strike, and was entirely in one bed of rock. Neither this 
nor the boring yielded any water. The headings were 6 feet 
square. It was fcomd necessary in places to arch the long head- 
ing with two half-brick rings. About 8.2 yards in length of the 
western heading were arched where it crossed beds of marl. 
The produce of the red sandstone wells at Wolverhampton 
is very inferior to that of any of the Liverpool wells. The 
Wolverhampton Waterworks Company spent more than 
£60,000, and for this large outlay have only obtained a 
supply of about 879,000 gallons a day; They had two 
pumping establishments ; one at Tettenhall and the other at 
Goldthom Hill. The Tettenhall works consist of one main 
shaft 140 feet deep, of an oval shape 11 feet x 7^, besides 
two other working shafts 6 feet diameter, and about 1,100 
yards of heading. This establishment yields only 168,000 
gallons a day. The Goldthom works consist of two shafts, 
each 7 feet diameter in the clear, and 800 feet deep, and 158 
yards of heading, with a boring 890 feet deep at the bottom. 
This station yields 211,000 gallons a day. 

No question can exist about the extreme impolicy of sink- 
ing this shaft; It is only a quarter of a mile from the great 
fault of the coal field, so that the drainage area for supplying 
the well is extremely limited. The beds which consisted 
chiefly of brown coloured sandstones and red marls, alter- 
nating all the way down, are tilted to an angle of more than 
80^. A bed of conglomerate or indurated gravel was passed 
through at 60 or 60 yards from the surface. This bed 
yielded a small quantity of water ait the expense of all the 
neighbouring wells, which were dried up. It appears that 
the marl beds were of much greater thickness than the sand- 
stone beds, and it seems probable that the beds intersected 
by the shaft were not permeable water-bearing beds at all, 
even had they cropped out at the surface, which is doubtful^ 
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Again, the tme water-bearing beds, which may possibly have 
been reached by the boring, certainly did not crop oat at the 
snrface, bat were cat off by the faalt which also cat off all 
commonication and drainage from the coal field. The miser- 
able failore of this well is therefore not to be wondered at. 

Well and boring at Rugby in Lias and New Bed Sandstone, 

Feet. 
Hie wen is 7 feet in diameter, and ia depth • • . • . 82 

In the bottom of the well is a boring 14 inches diameter, 

lined with cast-iron tnbing 61 

Then a boring with wronght-iron tubing 12 inches 

diameter 91^ 

Then a boring with wrought-izon tubing le inches 

diameter 2S6^ 

Then a boring with wrought-izon tubing 9 inches 

diameter 280) 

Then a boring with wrought-iron tubing 7^ inches 

diameter : 33 

Then a boring with wrought-iron tnbing 6j^ inches 

diameter 246 

Then a boring with wrought-iron tubing 6 inches 

diameter •••••• ..98 

Additional boring #••••#••••••. 13 

1141 

The following statement of the strata passed through 
is condensed from a valaable section presented by Mr. 
McDoagall Smith to the Metropolitan Board of Works : — 

Depth from Thick- 
snrfoce. xiess. 
Feet Feet. 
Bed sand and gravel .*•••,. 10 10 

Blue lias clay and Umestond • • • • 400 390 J ^ 

Dark and brown clays 470 70 / g* 

Light hard stone • • . 478 8 ; 

Red clay • 780 802"^ g j^^ 

„ sandstone. • . • 786 ^ I B'C 

p, day 1046 269 | |g 

„ cluy sands 1141 96 J S ^ 

Total 1141 feet. 
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This well was entirely nnsaooessfol in yielding a supply 
of water. 

The boring appears to have reached the brine springs of 
the new red sandstone, and the water was satorated with 
common salt, and qnite unfit for domestic use. 

It appears, therefore, that about 470 feet of the sinking 
were in the lias formation, in which, of course, it was 
hopeless to expect water, and that the remaining 650 feet 
were in the argillaceons or gypseous member of the new red 
pandstone, in which the prospect of water was equally 
hopeless. 

It is true that a very small proportion of the sinking 
in the new red sandstone is described as sandstone and 
sandy clay ; but on the whole the character of the beds is 
clearly argillaceous, and ought to hare indicated to a well- 
informed geologist the extreme improbability of meeting 
with water. No doubt the engineers were buoyed up with 
the hope of reaching the lower arenaceous beds of the new 
red sandstone ; but the remarkable failure at Bugby ought 
to prove a warning against sinking in the new red sandstone, 
unless there are circumstances favouring the probability of 
finding water, and especially unless the geological horizon 
be well ascertained. 



WeUs in Bed Sandstone roek at Birkenhead. 

It appears that Birkenhead is supplied from two wells, 
one of which is described by Mr. Baldwin Latham, from 
whose book the following particulars are taken. 

The red sandstone rock has been penetrated to a depth 
of 895 feet, of which the first 95 feet consist of an open 
well, 9 feet in diameter, executed without lining or steining 
of any kind. In the bottom of the well is a boring 26 
inches diameter and 44 feet deep. 
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nieii follows a boanng of 18 inclieB diameter^ and 16 feet 

deep, making a total of » . . . 165 

Then a 12 inch boiing for . • • • • 130 

Then 7 inch ditto • 110 

Total depth of 395 

When the pomps are not working the water stands perma> 
nently at a level of 98 feet from the surface. 

The well yields about two mOlion gallons in twenty-foor 
homrsy the level of the water then being aboat 184 feet 
below surface. 



ON THE YIELD OF WATEB BT THE COBNISH MINES. 

Amongst the valuable information for which we are in- 
debted to the reports of the Cornish engines, must be 
mentioned the records which give the average quantity of 
water pumped in every month from each of the mines. This 
is evidently information of great importance and interest, 
as bearing on the subject of supplies from wells and shafts, 
and should receive the greatest attention from engineers 
who are considering the question of new supplies from these 
sources. 

From a caref al examination of the maximum and minimum 
quantities, and the months in which these occur, it appears 
that on the average of five years the months stand in the 
following order (March being the one in which the greatest 
quantity is pumped, and August the least) : — March, Feb- 
ruary, April, January, December, May, November, June, 
September, July, October, August. 

It further appears that some of the mines yield double as 
much water in certain months as they do in others, but that 
the maximum quantity is more commonly about fifty per 
cent, in excess of the minimum. The variation from year 
to year, however, is much more considerable, and there are 
many instances where the highest yield is four times as 
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M tbe ininiminn yield in wome other year. There are 
two ntmartaHii eaaes, namdj, the Matazion Ifine and 
Gardiew Down^ whan the maziiimm is seyen or eight times 
as gjntit as the ■«■»■■«■■■■> 

With reHsienee to c[iiaiitity it must he admitted the peld 
is genezallj small consideEiiig the great depth of the mines. 
There are Hew whose TmL-rimmn quantity exceeds 2,000 
gaDoDS a minate, or 2»880,000 gallons in twenty-four hours, 
and even in these the lowest yield is occasionally mnch less. 

The remarkable falling off in some mines is also deserving 
of notice. Thns the Marazion Hfine yielded, in the month 
of March, 1883, no less than 2,180 gallons per minute, 
whereas in February, 1885, it yielded only 268 gallons a 
minute, or less than ith of the former quantity. 

It is much to be regretted that the system of reporting 
the Cornish engines, as to duty performed, water pumped, 
te., has not been persevered in during late years. When 
the Cornish engines were brought some years ago to a high 
state of perfection, so as to work with an extremely small 
allowance of coal for each horse power, the wholesome 
rivalry existing between the principal makers caused the 
reports issued by Browne and by Lean to be of great value, 
and the makers and owners of the best engines took great 
pride in their performance. All this is altered at the 
present day; and as it is a fact that the best engines are 
not reported at all, any conclusions drawn from the present 
reports would only tend to mislead* 
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PUMPING MACHINERY FOR RAISING 

WATER. 



ON THE PUMPS USED IN WATEB WOBKB. 

The piunps commonly used for raising water from wells 
ma^ be divided into two classes, lifting pumps and forcing 
pumps. 

The lifting pumps may be again subdivided into two 
varieties; namely, those with a hollow piston, and those 
with a soHd or plunger piston. 

1, Lifting pumps with a hollow piston, called also atmo- 
spheric pumps. 

This variety, in its simplest form, consists of the following 
parts : — a cylinder or tube, in which is fixed a valve opening 
upwards, and above which works a piston provided with a 
valve, also opening upwards. The part of the cylinder in 
which the piston works is called the body of the pump, and 
is the only part which need be bored with any great accu- 
racy. The top of the cylinder may be opened or closed, it 
matters not which, but somewhere above the level to which 
the piston ascends there must be an orifice for discharging 
the water. 

The action of the common atmospheric pump is so simple, 
and is so well known to every school boy, that it will be 
unnecessary here to dwell upon it. The cylinder is made of 
various materials, as wood, iron, or copper; and frequently 
the lower part below the fixed valve is a mere leather hose, 
furnished with a strainer at its lower extremity. The fixed 
valve in this kind of pump must be placed at such a level 
that the depth from it to the surface of the water in the well 
must never exceed the height of a column of water, which 
will balance the atmospheric pressure or weight of the 
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sitmosphere. This weight is measured in the barometer by 
A column of mercury, which yaries in different parts of the 
world, and at different altitudes, from 28 to 81 inches. Thus, 
an atmospheric pump at the level of the sea may have its 
fixed valve several feet higher than a similar pump working 
on the top of a high mountain. The height at which the 
mercury stands in a barometer at any given place affords, in 
fact, a tolerably practical measure of the height to which 
water will rise in a vacuum when pressed by the external 
atmosphere. Thus, in theoiy, where the mercury stands in 
the tube of a barometer at a height of 80 inches, the sucker 
or fixed valve of an atmospheric pump may be placed 80 feet 
above the surface of water in a well. In practice, however, 
owing to imperfection of materials, fluctuations of level in the 
water, and other causes, this difference ci level is too great, 
and should not really exceed 27 or 28 feet. In shallow wells, 
therefore, which are not more than about 27 feet in depth, 
the part of the cylinder or pump above the fixed valve need 
never exceed the length of the stroke or space through which 
the piston works. In deep wells the ascending part of the 
cyliuder above the body of the pump in which the piston 
works may be, theoretically, of any height. There are diffi- 
culties, however, connected with the valves in the moveable 
piston, which render it inconvenient to have the lift in this 
kind of pump much more than 100 feet. Whatever be the 
height of the column of water above the moveable piston, it 
is evident that the absolute weight of this whole column has 
to be lifted at each stroke of the piston ; and for this reason 
atmospheric pumps, which are worked by hand, have scarcely 
any of the pump above the piston, as otherwise the weight 
of water to be lifted at each stroke would be too great for 
the power to be applied. This, practically, limits the height 
to which water can be raised from wells, by conmion atmo- 
spheric pumps worked by hand, to about 28 feet. 

In deep wells, however, when pumps are worked by horse 
01 steam power, this objection does not apply, and if the 
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power be Boffieient io raise at eacli stroke the whole eolnmn 
of water above the piston, the length of the cylinder above 
this piston is only limited by the practical considerations 
before alladed to in connection with the valves. 

It should be observed that the common atmospheric pnmp 
is seldom or never nsed in water works for the purpose of 
raismg water. 

2nd. Lifting pomps with a solid or plnnger piston. 

In this variety of pomp there is the barrel or body of the 
pump, in which the piston works, and two fixed valves. 
Beneath the lower of these is the descending pipe, which 
goes down into the water of the well, and which is frequently, 
but very improperly, called the suction pipe. Above the 
upper fixed valve is the ascending pipe going up to the top 
of the well. The ascending and descending pipes are some- 
times in the same vertical line, and sometimes not. The 
pump barrel is always a little on one side, and has a com- 
mQmcati<m with the descending pipe near the top of the 
pump barrel, and immediately above the lower fixed valve. 
It has also a communication with the ascending pipe below 
the upper fixed valve. The disposition and general arrange- 
ment of these various parts will be much better understood 
from fig. 18 than from any written description. This wood- 
cut represents a lifting pump with a solid piston, as used at 
the mine of Huelgoat. It was erected by M. Juncker, an 
able French engineer, and the engraving is reduced from a 
drawing in M. Combes' work on mines.* 

This pump raises the water to the height of 508 feet, and 
is intended to raise it to a farther height of 246 feet, or in 
all 754, when the mine shall have reached this depth. In 
fig. 18, A is the body of the pump in which works the solid 
piston B. The body of the pump is bored and turned true 
in the most perfect manner, and is quite open at the bottom. 
C is the piston rod, which works through a stuffing box in 

• "Traits de Texploitatioii des Mines," par M. Ch. Combes. Id^ge, 
Dominique Avango et Cie., 1846. 



wuMtma luoHiHBxi. 



ihe ixmir of tbe pnmp body. D is the passage eommusi- 
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eating between the body of the pump and the YtJvfl cbest. 
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F, 18 the valve chest, in which are fixed the two valves F 
and G, H is the ascending tnbe, going np to the top of the 
shaft, and lis the descending pipe, going down to the water 
at the bottom. The action of this pnmp will be readily 
tmderstood. Suppose the piston at the bottom of its stroke 
in the position represented in fig. 18, the body A fiUed with 
water, and all the other pipes also filled with water, as they 
are in the ordinary working of the pomp. This being the 
state of things, the piston rises and lifts the volume of water 
resting on it, forcing it through the passage D into the valve 
chest E, and thence through the valve F into the ascending 
pipe H. During the rise of the piston, the water can only 
pass in this way, and can by no means get through the valve 
G because this only opens upwai'ds, so that the pressure of 
the water instead of opening it only closes it tighter. When 
the piston is raised to the top of its stroke it begins to 
descend, leaving a vacuum behind it, into which the water 
left in the valve chest immediately passes in addition to 
some from the pipe J, which is pressed on hy the external 
atmosphere, and in obedience to a natural law rises through 
the valve G and fills up the body of the pump. The piston 
is now at the bottom of its stroke, all the pipes being full of 
water as before, when the same process is again and again 
repeated. 

The upper part of the valve chest fits into an enlargement 
of the ascending pipe H, and is fitted with a leather collar, 
screwed down, and kept in its place by a copper ring. The 
leather collar presses against the interior of the enlarged 
part of H, and admits of the upper part of the valve chest 
being raised in order to examine the valves. When this is 
to be done the flange a a is to be unscrewed. 

The small side pipe bed, which is provided with stop 
eocks, establishes a communication between the ascending 
and descending pipes, and between these and the valve chest. 
This arrangement is necessary for the purpose of filling the 
descending pipe with water, when the working of the piimp 
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has been diteonibned for any length of time, and to etoM 
the shoekB and damage which are often experienced when 
the pnmp is first set to work in consequence of the confined 
air compressed in the valve chest between the two valves. 

When the pnmp is to be put in action, the stop cocks in 
bed are opened, and a communication made between the 
pipe above the valve F and the descending pipe /. The 
latter, as well as the body of the pump A is then filled with 
the water which descends from the pipe H. The air con- 
tained in the descending pipe I passes up through the valve 
G, and escapes by a small orifice e, which is dosed by a 
screw as soon as the water issuing from the orifice gives 
notice that the pump body and the descending ppe are 
entirely filled. 

/ is a small side valve fitted to the descending pipe, and 
loaded with a weight equal to about the pressure of the 
atmosphere, or about 14 lbs. per square inch. This valve 
is placed just above the surface of water in the well, and 
indicates whether the valve 6^ is in proper order ; for if the 
valve G does not shut {aroperly the pressure of the water 
which is raised during the up-stroke of the piston is teans- 
mitted to the column of water contained in the descending 
pipe, and this pressure immediately causes the valve/ to open. 

By means of the same valve/ also, it can be ascertained 
if the upper valve F closes properiy. For this purpose the 
pump must be stopped and the valve chest put in communi- 
cation with the descending pipe by opening the stop cocks 
in the small pipe c d. Then, if the valve F doses imper- 
fectly, the water from H will come through it and fill the 
descending pipe J, raising the valve /• This efiect will of 
course not take place unless the foot valve ^ is in order, a 
fact which can be readily ascertained. These checks upon 
the perfect working of the pump are ezcdlent, and have 
been productive of great economy. 

The valves in this pump are entirdy metallic, and with- 
out any leather or hemp packing. They are conical in form 
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being carofoUy turned and fitted to a oorresponding conical 
opening in the valve seat. 
The valves and seats are composed of the following alloy : 

85 to 88 parts of copper. 
4 to 6 parts of tin. 
4 to 6 parts of lead and zine. 

These valves hold water very perfectly, and close with 
much more readiness and accuracy than any form of leather 
valve. M. Jnncker states that the loss of water in this pump 
is only one*thirtieth of that due to the diameter and stroke 
of the piston. This form of valve, however, is now snper- 
seded, in most of the large pomping establishments in 
England, by Harvey and West's doable beat valve, which 
will be described in a future page. 

Fig. 19 represents a front elevation of the pamps in the 
Tettenhall well of the Wolverhampton Water Works, and 
fig. 20 represents a side elevation of the same. This may 
be taken as a good example of the most approved practice, 
being a recent work executed by Mr. Wicksteed and Mr. 
Homersham within the last few years. 

A A are the air pipes which descend into the water, and 
which are perforated at the bottom with small openings to 
exclude gravel, sand, and other impurities. B B are the 
pump barrels, each containing a solid plunger piston, which 
here acts as a forcing power, and does not lift the water as 
in the Huelgoat pump (see fig. 18, page 284). 

As soon as the plunger pole begins to ascend, the water, 
acted on by atmospheric pressure, enters the empty pump 
barrel through the opening at D. On the descent of the 
plunger pole a quantity of water, equal to the volume or 
mass of the plunger pole, is displaced at each stroke and 
forced up the lising pipes G C. The body of the pump B is 
consideraUy greater in diameter than the plunger pole, so 
that the water readily enters as soon as the down-stroke of 
the steam piston commences. The plungers are IS inches 



288 



PU1IPINO MACHIKEBT 



diiuneier, ^th a 10 feet siroke. C C are the rising pipes of 

Fig. 19. Fig. 20. 
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Scale 1 inch « 8 feet. 

13 inches inside diameter. D D ai'e the valve chests con* 
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taining the toItob tt the top of the air pipe, which open and 
eloM the eommnnication between the lattei Rud the body of 
the pomp, E E ttn the valve ehesta conbuning the valves 
at the base of the rising pipes, which open and elose the 
commonicatioii between these and the body of the pump. 
The two T&lTes here are not inoloaed in the same valve 
cheat, but in separate ones. There ie also some differenee 
between this and the Hnelgoat pomp in the amngement of 
the several parte, as will ba seen mora particnlarly from an 
iDBpection of the two elevations, figs. 19 and 20, and from 
the plan of the well, fig. 21. In the Hnelgoat pnmp the 
uoeuding pipe is dinotlj over, and has the sanw aiia as the 
Fig. ai. 



Sole 1 inch ~ 4 feet, 
A>r [npe, the body of the pump being on one side. In th* 
Tettenhall pnmpB, on the other hand, the three parts are 
'franged in plan almost as an equilateral triangle, one apex 
being ocoupied by the air pipe, another by the body of the 
pump, and the third by the rising pipe. This will be more 
Nearly seen from fig. 21, in which the three principal parts 
ve represented by the same letters as in the elevatdons. 
Sach of the pomps is worked by what is called a forty horse* 
peirei nou-oondenaing engine, by Eaye of Bory. 
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The tbape of the well is an irr^;iilar oval^ U feet in iU 
longest diameter, and 7i feet acrose. A A are the two 
lower pipes, 18 inefaes diameter, which dip into the water. 
B^ an the pomp barrels, with a 13 inch plunger and 
a 10 feet stroke. C C are the rising pipes, 13 inches dia- 
meter inside. Each of the two pumps deliyers 56 gallons 
a stroke, and makes four or five strokes per minute. 
The engine is capable of working the pumps at the rate of 
twdre strokes per minute, and as each pump raises fifty-six 
gallons per stroke, each would raise in twenty-four hours, 
66 X 12 X 24 X 60 s= 967,680, or nearly a million gallons. 
This is no doabt what the pumps were intended to do, but 
unfortunately the well does not yield the required quantity 
of water ; the engine can only make about 8000 strokes a day, 
and works only one pump, so that the quantity raised is only 
8000 X 56 s= 168,000 gallons a day. The engines employed, 
as we have said, are a pair of forty horse-power each, by 
Kaye of Bury. The cylinders are 36 inches diameter, and 
the present consumption of coal \& \\ tons a day of inferior 
Stafibrdshire coal for raising 168,000 gallons to the top of 
a standpipe, the extreme lift being 320 feet. This only 
requires the exercise of about eleven horse-power during the 
whole twenty-four hours^ so that the consumption of coal 

3360 lbs. 
is equal to q^ ,| - = more than 16 lbs. per horse-power 

per hour. 

The duty of the engine, computed in the Cornish mode, 
for 1 cwt. of coal will be 

168,000x320x10 ,^«^^,^,^ 
ZOcwt. ^ 17,920,000 lbs. raised one 

foot high by 1 cwt. of coal. 

The puinp rods consist of whole balks of timber, each 
about 18 feet long and 12 inches square, united to each other 
with 6ush scarf joints plated with iron. The single pieces of 
balk forming each pump rod do not meet in the centre^ but 
are ooimected by outside balks of similar scantling and about 
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23 feet king. These outside connecting balks overlap thii 
single balk forming the pump rod rather more than 4 feet 
at each end, so that a space of 14 feet is left betwe^i the 
abutting ends of the pump rod in the centre. In this 
centrd space is fixed the oontriyance for adjusting the length 
of the pump rod, rendered necessary by variations of tern- 
peratnre, &c. 

The Wolrerhampton Company's engine^ at GoMthoru, 
pumps from a well 300 feet deep into a reservoir close by. 
This is a Cornish engine of seventy horse-power, with an 8 feel 
stroke and 45 inch cylinder, wcHrking a 15 inch pump and lift* 
ing forty-eight gallons at each staroke. Number of strokes 
4,400 in twoity-four hours; consumption of coal twenty- 
three ewt. ; quanti^ of water raised in twenty-four hours 
4,400 X 48 ^ 211,200 gallons ; hft 300 feet. The duty of 
this engine is somewhat better than that of the TettenhalL 
namely, 

lbs. raised one foot high hj the consumption of one cwt. of 

coal. 

FORCE PUMPS. 

Another kind of pump frequently used in Waterworks for 
raising water, is of the desoription called force pumps, with a 
solid idnnger piston, which works through an air-tight etnfiiDg 
box in the cover of the pmi^ barrel. Pumps of this kind, whan 
used for raising water from wells, consist of the same principal 
parts as the lifting pump, namely : — 1st. The air-pipe below 
the barrel or body of the pump. 2ndly. The barrel in which 
works the solid plunger or piston ; and third, the rising or 
ascending main pipe above the pump body. The air-pipe 
dips several feet into the water to be pumped, and is usually 
prorated at the bottom with small holes, which, while they 
freely admit the water, serve to exclude sand, mud, grarel. 
And other imparities which might otherwise find ttieir way in. 
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air-pipe is provided At the top with a valve opening up- 
wards and fixed somewhere between the level of water in the well 
and the body of the pump. The body of the pump is gene- 
raUy a few inches longer than the stroke as it is called^ and 
longer than the cylinder of iron which constitutes the solid 
piston. The body of the pump is either placed immediately 
over the air-pipe, in which case the upper ascending pipe is a 
little on one side, or the pump body is placed on one side, in 
which case the upper ascending pipe may be in the same 
vertical line as the air-pipe. The pump barrel does not re- 
quire to be turned or bored, as the plunger does not fill up 
the whole space ; and, in fact, it is usual for the pump barrel 
to be an inch or so more in diameter than the plunger. The 
office of the plunger, which is raised by the depression of the 
piston in the steam cylinder, is merely to force up the water 
which has risen through the valve in the air-pipe. The upper 
ascending main or pipe is merely composed of certain lengths 
of cast-iron, united by flange joints, and at its lower extremity 
is provided with a vahre also opening upwards, to prevent the 
water which has been forced into the pipe from retummg to 
the bottom of the well. 

Fig. 22 is a section of a force pump with solid plunger 
piston, such as is commonly used for raising water from weUs. 
Here A is the air-pipe, B is the solid plunger piston shown 
near the bottom of its stroke, C is the ascending pipe going 
to the t tp of the well, B is the lower valve chest, and E the 
upper valve chest. The valves are Harvey and West's patent 
double beat; that in J? should have been shown open in conse- 
quence of the descent of the piston having forced up the water 
and raised it into that pontion. For the same reason the 
valve in D is shown closed, and now sustains the whole pres- 
sure of the column in (7. 

Let us now examine the action of the pump. The plunger 
is raised by the pressure of the steam on the piston in the 
steam cylinder, and as the cover of the pump barrel through 
which it works is perfectly air tight, nc air can pass in from 
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^- 23. the oatnde to anpplj it* 

place. A paitiAl Tscautn U 
therefore formed, which is 
supplied bf the air beneath 
the lower valve and between 
this and the water. After 
each stroke this air becomei 
more and more rare, and the 
vacuam more and more per- 
fect ; till St length the water 
ui the well, preaaed hj the 
Btmoaphere outside, follows 
the ascent of the piston, and 
rises throogh the footTslve 
into the pamp turrel. When 
this is fbll of water the 
plnnger descends and presses 
on the water, whieh can nei- 
ther go back throi^h the 
lower valve, nor escape 
through the cover of the 
pamp barrel. In fact, it 
has only one mode of escape, 
namely, through the valve 
of the ascending pipe ; and 
through this it accordingly 
goes, each successive stroke 
of the pltmger sending into 
the ascending pipe a quan- 
tity of water equal to the 
volume of the plunger itself. 
This goes on tilt the ascend- 
ing pipe is full, and then, of 
course, at each stroke it 
delivers « quantity equal 
igsiD to the volume of the plunger. 
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From wliat hav been ezplidiied aboat tUe rise of watei 
throagh the lower rtlre in D, it wiA at onee be seen that 
the pump wonld not act if the length of the air pipe ex- 
ceeds the height of a oolamn of water, eqoal to the weight 
of the atmosphere pressing on the same base. In other 
words, the valre at the top of the air-pipe must not be 
higher than the corresponding tsItc in the atmospheric pump. 
The foot Ytlre, or lowest fixed Talre, in water works and 
mining pumps, b nsoallj placed in practice mui^ nearer to 
the water level than in ordinaiy hand pumps, often onlj 
a few feet above the water level. 

The engines employed to work the pumps for raising 
water out of wells are essentiallj the same as those employed 
in water works for raising water from rivers or storage re- 
servoirs into high service reservoirs, and over stand pipes 
for forcing it through a tndn of pipes. 

A description of the steam engines will be given under the 
general head of pumping apparatus, where also the valves 
used in the pumps of modem water works will be described. 

PUMPING APPARATUS USED IN RAISING WATER FOR 

SUPPLY OF TOWNS. 

Some account of the pumps used in raising water from 
wells will also apply to this part of the subject, as the 
pumps used in that kind of work contain the addition of a 
rising main to the ordinary parts of a pump. In the present 
article we shall treat only of the pumps used for raising water 
from the level of the earth to a still greater height. We shall 
also briefly describe the kind of engines usually employed for 
pumping in water works, whether for raising water from weDs 
or for pumping it frotn the surface of the ground Into ele- 
vated reservoirs, for throwing it to the top of stand pipes, or 
forcing it through traius of pipes. 

The same kind of pumping engine is applicable to each 
kind of work, and therefore may be most couvenienlly des- 
cribed under the general heiid of engmes. 

The two principal varieties of steam enginelt used for pump- 
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ing, purposes, are oondenging low pressure engines, condensing 
high pressure engines, and ordinary non-condensing high 
pressure engines. 

The first and third Tarieties are not extensively used in 
modem water works, and are heing very generally superseded 
hy the condensing high pressure engines, working ezpansiyely 
on the Cornish principle. 

1st. Low pre9mure condensing engines. — ^This form i» 
usually made on the pattern of Boulton and Watts' single 
acting engine. There is little or no expansion of the steam 
in the cylinder, although the steam is usually cut off when 
the piston has made from } to f of the stroke, in order to 
prevent the danger of breakage from the piston striking the 
bottom part of the cylinder. This kind of engine b usually 
applied to work a lifting pump, as at the East London Water 
Works, but is also sometimes used for working a plunger pole, 
as at the Birmingham Water Works. When working a lifting 
pump, the steam being admitted at the top of the cylinder, 
depresses the steam piston and raises the solid pump piston, 
which is attached to the other extremitv of the beam. The 
pump rod is only loaded with a sufficient weight to overcome 
friction, to raise the steam piston, and cause the pump piston 
to descend to the bottom of the pump barrel. The engine 
being single acting, only raises water by means of the down 
stroke in the steam cylinder, corresponding with the up 
stroke in the pump. The condensing low pressure engine at 
the East London Water Works; which is a single acting 
engine, by Boulton and Watt, has been described in great de- 
tail by Mr. Wicksteed, who has pubUshed valuable plates of 
this engine, and of the first Cornish engine which was erected 
for the work of pumping in the metropolis. The Boulton and 
Watt engine has a steam cylinder of 60 inches, the piston 
having a stroke of 7*91 feet, and making \\\ strokes per minute ; 
the diameter of the pump is 27\ inches, and that of the pump 
rod 4{ inches, the stroke being 7' 91 feet, the same as that of 
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The boilcn of this engine are of the fonn called waggon 
beaded, and Uie pressore of the steam m the bmlers is about 
17 or 18lba.t its pressure m the cylinder being about lOj^ lbs. 
The dnt J or nsefbl effeet of this engine^ aooording to a great 
nnmber of experiments tried bj Mr. Wicksteed, was equal to 
47#7 18,084 lbs. lifted one foot high by the consumption ot 
1 cwt. of the best Welsh ooal. This, as will be seen hereafter, 
is less than half the duty performed by the Cornish engine, 
at the same works and with the same coals. 

Fig. 23 is an elevation showing the arrangement of the air- 
pipe, and the pump in the well as worked by this engine^ A 
in the air-pipe, B the body of the pump, in which works a 
ftolid plunger piston, C is a blank pipe supporting the upper 
vnlve box. D is the pump rod, and E a counterbalance, con- 
lilting of moveable cast-iron weights. F is the air vessel into 
whioh the water is discharged by the pump. The water 
utiually stands in the air vessel, within 8 feet of the top, the 



Sede 1 inch — 8 feet, 
compressed aSr in this upper part serring to equalise the 
pressure of the veXer in the main pipe. G, M eie the valve 
Wes, and I is the mun pipe through which the nater 
passes for the supply of the district, f Jf is the pump well, 
uid a .& the usual surface of the water. 
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Tbe single acting Boulton and Watt engine has been ap« 
plied with perfect success in pumping at the Birmingham 
Water Works. The absolute lift of water here is 252 feet 
being considerably greater than at any of the London works, 
and the pressure is further increased by friction in the pipes to 
about 285. Two Boulton and Watt engines have lately been 
erected at these works, each with 10 feet stroke and 72 inch 
cylinders. Each engine works a plunger pump 23 inches 
diameter and with 10 feet stroke. The weight of water to 
be raised at each stroke is equal to 51411 lbs., or rather more 
than 22 tons ; but the total weight upon the plunger required 
to overcome the load upon the air pump, the friction of the 
engine, and to maintain a Telocity of ] strokes per minute, is 
nearly 26 1^ tons, which is equal to 142 lbs. per square inch 
upon the area of the 23 inch plunger, and 14^ lbs. upon the 
steam piston. According to Mr. Wicksteed's mode of calcu- 
lating the power of this engine, the weight of the column of 
water would be used to represent the resistance ; while, accord- 
ing to others, the whole resistance of 26^ tons would be used. 
Thus, according to Mr. Wicksteed, the power would be 

iilli2ii£iiI0 = i56 horses; 
33000 

but, according to the other mode, the power will be 

j6 ix2240xlOxl0 ^^gQ horses nearly. 
33000 ^ 

These engines pump into an air vessel of 7 feet internal 
diameter, and 18 feet high, or 15 high above the delivery 
branch into the main ; and it is replenished with air by a 
separate small pump of 6 inches diameter, and 3 feet 6 inches 
stroke. 

An excellent description of these engines was lately read by 
Mr. Garland of the Soho works, before the Institution of Me- 
chanical Engineers at Birmingham, and as this description 
contains many particulars which have not been previously no- 
ticed with respect to pumping engines^ we have thought it 



WOK BOUSING WATIC&. 249 

couYeaieiit to present the principal part of the details as 
given by Mr. Garland : — 

The cylinders have steam-cases, and are enclosed in a cover- 
ing of felt, having an ontside casing of wood, to prevent the 
radiation of heat; and the top of the cylinder and upper 
nozzle are covered in a similar manner. 

The steam valve, equilibrium valve, and exhaustion valve, 
are 13, 15, and 18 inches in diameter respectively, and of the 
doable-beat construction, by which is removed the principal 
part of the pressure, that the common conical valve is sub- 
ject to. The steam governor valve is made of the single 
conical form (there being no necessity for making this valve 
upon the double-beat principle), and it is regulated by a 
screw and wheel handle. 

The load on these engines is a variable one to the extent 
of the difference of the dead level of the upper reservoir, and 
the amount of friction of water in transitu ; and it some- 
times happens that the water is being drawn off faster than 
the engine supplies it, and the velocity of the water beyond 
where the great draught occurs is consequently decreased, and 
the resistance proportionably diminished. 

To prevent any accident to the engine by going out too 
suddenly in consequence of this diminished resistance, a 
throttle valve is placed between the upper and lower nozzle, 
and in the pipe communicating with the top and bottom of the 
cylinder, which is regulated in its opening by a screw and wheel 
handle, and by contracting the passage, or, in other words, 
wire-drawing the equilibrium, the equalisation of pressure 
between the top and bottom of the cylinder is more slowly 
formed during the time the plunger is descending, to the 
extent which the weight is in excess of the diminished resist- 
ance. In these engines this valve has been found of invaluable 
service, and it will even hold the plunger at the top of the 
stroke. It acts exactly like putting on a break to a crane 
when lowering a weight, without absorbing any power or 
causing any disturbance to the working of the engines. 

M 5 
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Hie opeoiqg of the steam injection and exh&ustion Talve is 
rpgnlatod bj a cataract, and the speed of the engine is thus 
under the control of the eng;uie man. The equilibrium yalve 
b opened hj qnadnnt catches, and is dependent upon closiDg 
of the exhanstioQ rtlwt ; the former being opened upon the 
clo»ng of the latter, and abut in the usual manner by a tappet 
njion the plog rod. 

The injectioa Talre is also made upon the double beat prin- 
ciple, to render the strain upon the exhaustion yalve spindle as 
little as possible, bj relieving it of all unnecessary pressure, 
the underside of it bdng open to the condenser. 

In the event of the bursting of any pipe in the main, and 
the resistance to the plunger bdng suddenly removed, a detent 
is fixed upon the plug rod to prevent the repetition of a blow 
upon the spring beams by the catch pins. This detent comes 
into action upon the engine making more than its-usual length 
of working stroke, by holding the steam handle down, and 
thus preventing the opening of the steam valve. This adjunct 
to the hand gear, though it may never be brought into opera- 
tion from such an occurraice, would evidently be of great 
value in such a case. 

The air pump is of 34 inches diameter and 5 feet stroke, 
and the condenser of similar capacity. The air pump bucket 
is fitted with a brass annular or ring valve, and the deliverj 
and foot valves are of the usual construction, or what are 
termed flap valves. A vacuum is obtained varying from 27 to 
29 inches, according to the state d the atmosphere. Each en- 
gine has its separate condenser cistern formed of cast-iron, 
which is suppfied by a cold water pump of 13^ inches diameter, 
making a 5 feet stroke. The feed pump is of 6^ inches dia- 
meter and 2 feet 6 inches stroke, fitted with an air vessel. 
The plunger of the main pump is, as before stated, 28 inches 
diameter, and has the same length of stroke as the steam piston, 
viz., 10 feet. The suction valves and delivery valves of the 
pomp are of the double-beat kind, and fitted in pairs for the 
purpose of giving additional security to the action of the pump 
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in the erent of one of them sticking or beoonung otherwise 
deranged. 

The air vessel is 7 feet internal diameter and 18 feet high, 
or 15 feet high above the delivery branch into the main, and it 
is replenished with air bj a separate pomp of 6 inches diame- 
ter and 3 feet 6 inches stroke. An air-cock is fixed upon the 
suction pipe of this pnmp, by which is regnlated the necessary 
quantity of air to be supplied. This cock only requires to be 
partially open, and when closed entirely the pump lifts water 
only. 

The air-vessel is of great importance, as by its equalising 
action the motion of water in the mains is rendered continuous, 
and a less weight, in consequence, is required to gi^ the ne* 
cessary velocity to the descent of the plunger in the onudoor 
stroke. At the top oi the pump plunger is fixed toe polo 
case, containing the necessary weights to overeome the load or 
resistance, and, as before stated, iB equal with the plunger and 
rod to about 26^ tons. 

Upon the first delivery pipe joining the air vesad is fixed a 
safety discharge valve, 6 inches diameter, loaded by a lever and 
weight a little above the pressure upon toe main, to prevent 
any undue force being thrown upon the pump from the acci- 
dental shutting of the sluice cocks between the engines and 
the town. 

The main lever or working beam is 30 feet long, cast in two 
plates each of 3 inches in thickness, and the depth of it in the 
middle is 6 feet, and at the ends 2^ feet. Each of the plum- 
mer blocks has saddles of cast-iron between them, and wooden 
spring beams 30 inches deep and 20 inches wide. 

It may be interesting to state that the quantity of water 
lifted by every stroke of each engine is equal to 180 gallons, 
or 1,800 gallons per minute, and 108,000 gallons per hour, 
weighing upwards of 483 tons lifted in each hour. 

Mr. Garland further stated, in explanation of his paper, that 
the pressure of steam was about 1 2 lbs. per square inch in the 
cylinder, and that it was cut off at one-third of the stroke, ex- 
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panding through the remaining two-thirds. The actual duty 
had not heen ascertained, because the fuel used consisted of 
Staffordahire small coal or slack. The evaporative value of 
thisy as compared with the best Webh coal (which is com* 
monlj used in testing the dutj of a pump engine), has not 
oeen ascertained. He stated, in answer to a question, that the 
small pump had been found necessary to replenish the air 
vessel. It is certain, however, that there are many instances 
of air vessels attached to pumping engines in London and else- 
where, without the addition of any such pump to supply the 
air vessel. 

Mr. Cooper, who was present at the discussion which followed 
Mr* Garland's paper, expressed an opinion, that it was pre- 
ferable to make a pumping engine double acting on the bucket 
and plunger plan, with the plunger half the area of the 
bucket, so as to pump half the water in the up stroke, and 
half in the down stroke, thus enabling an engine and pump of 
half the size to do the same work ; also to add a crank and fly 
wheel, and work at a higher speed, which further reduced the 
size and cost of engine and pump. Mr. Cooper mentioned an in- 
stance of some works where there were four 150 horse power 
engines working very satisfactorily on this plan from 12^ to 
21 strokes per minute, with 7 feet length of stroke. But he 
considered the horizontal engine with direct acting pump and 
crank, was the most advantageous and economical, when the 
water to be pumped was near the engine house floor. 

Double acting condensing engines are also occasionally em- 
ployed for pumping, and so also are direct acting engines 
working without a beam, the steam cylinder being placed 
directly over the barrel of the pump. 

In many of the American water works, as at Pittsburgh, 
Alleghany, and Detroit, high pressure non-condensing engines 
are used for pumping. The work of these, however, does not 
appear to be very satisfactory, as a recent report on the water 
works of these cities gives the duty performed by the pump- 
ing engines there. The steam is generated by means of wood, 
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the Talae of which for evaporatiiig purpoaea, as eompaied 
with bituminoas coal, is well known by the American engineers. 
The following table shows the duty of several of these high 
pressure non-condensing engines, from a recent report of the 
engineer of the Detroit Water Works, reduced to the English 
standard of lbs., raised one foot high by the consumption of 
1 cwt. of coal. 

Duty in lU. 
Pittsburgh Upper Water Works Engines, date 1852 . 19,941,600 

Ditto, Lower works 19,112,576 

Alleghany dty 19,226,700 

Detroit . 17,397356 

In Cincinnati and other towns, there are both kinds of en- 
gines ; namely, cond^ising and non-condensing high pressure 
engines. This practice of adopting both kinds is worthy of 
attention. The ordinary and r^ular work is assigned to a 
condensing double acting engine, working e^tpansively like our 
Cornish engines ; and the duplicate engine employed for occa- 
sional work, and to seire in case of emergency, is a high 
pressure non-condensing engine, with much smaller cylinder 
than the other. This gires the adrantage of great economy 
in the regular continuous working of the condensing engine, 
and as the high pressure engine is much cheaper to erect, it 
saves a considerable sum in the first outlay. Mr. McAlpine^ 
a celebrated American hydraulic engineer, has adopted this 
method in most of Ids recent works, as in Brooklyn, Albany, 
Chicago, and other places. 

Thus, at Albany, where two million gallons have to be raised 
daily to a height of 156 feet, and another million to a height 
of 238 feet, exclusive of friction, Mr. McAlpine proposes a 
double-action condensiog Cornish engine for the regular pump- 
ing work, with a duplicate non-condensing engine as a reserre. 

The Cornish engine, to have a 58-inch cylinder 12 feet 
stroke, and to be worked at 10 double strokes a minute — Steam 
in boiler 30 lbs. per inch ; ditto in cylinder, effectiye pressure 
20 lbs. The non-condensing engine to be made horizontal. 
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and to wotk steam at a pressure of 70 lbs. per iich on 
the piston, cutting off at f stroke, making twenty strokes 
per minute, and calculated to do the whole work by pump- 
ing twenty hours a day. The cylinder to be 24 inches dia- 
meter and 6 feet stroke, giving an effective velocity of 240 
feet per minute. The condensing engine to work two pumps, 
each 18 inches diameter ; the non-condensing engine to do the 
same work with one 18-inch pump. 

At Chicago, where three million gallons a day have to be 
raised 90 feet high in twelve hours, Mr. McAlpine proposes 
a condensing engine with a 46-inch cylinder, 9 feet stroke, 
making 13^ double strokes per minute, effective velocity 240 feet 
per minute. Steam in boilers and cylinder the same as at Albsnj. 

As the duplicate engine is to be used only for short inter- 
vals, cheapness in its construction is more to be regarded than 
economy in using it. He therefore proposes to make this of 
the minimum size, necessary to afford the requisite supply of 
water, by working the whole twenty-four hours. For this en- 
gine he specifies a steam cylinder of 18 inches with 6 feet 
stroke, piston travelling 240 feet per minute, using steam at 
80 lbs. pressure at the cylinder, and to be cut off as before at 
three-fourths of the stroke. This engine to work horizontally 
and to drive an 18.inch horizontal pump by direct action. 

The Brooklyn works are much later ancl of more recent 
date than either of the others. Here the work to be 
done is equal to raising 5 million gallons per day, to the 
height of 190 feet in twelve hours. To perform this work 
Mr. Mcxllpine proposes a double acting 72-inch cylinder 
Cornish engine, working expansively, and using steam of 20 lbs. 
pressure per square inch of the piston. The duplicate engine 
here is to have a 30-inch cylinder, and to use steam as before 
of 80 lbs. pressure. 

The performance of the small high pressure steam engines for 
farm purposes, exhibited during the last few years at the shows 
of the Royal Agricultural Society, is calculated to excite some 
astonishment. It is no uncommon thing to find these small 
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engines of six or eight-horse power, reported as working with 
5 lbs. of coal per horse power per hour, which is equivalent to 
a duty of more than 44 millions. Considerable allowances, 
however, must be made from this large amount of duty, as it 
is almost certain that the whole working power of the engines is 
estimated, and no distinction made between the power absorbed 
in OTcrcoming friction and that producing useful effect. It is 
certain that the recorded performance of those engines does not 
represent the actual duty, as we have no instance of high prea 
sure engines anywhere, and, under any circumstances, working 
with a duty much exceeding twenty million pound8=lllb8. of 
coal per horse power per hour. 

Condensing high-pressure engines working 

expansively. 

Most of these engines are single acting, like the condensing 
Boulton and Watt pumping engines, the principal distinction 
being that they work with steam of much higher pressure ; that 
this steam is cut off after performing from one-eighth to one- 
third of the stroke, and that the cylinder, boiler, and steam pipes 
are very carefully clothed with non-conducting material to pre- 
vent any loss of heat by radiation. The Cornish engine at the 
East London Water Works, which has been described by Mr. 
Wicksteed, has a cylinder 80:}^ inches in diameter, with a stroke 
of 10 feet. It works a pump with a plunger pole 41 inches 
diameter and stroke of 9 feet. The engine usually makes 
eight strokes per minute, and forces the water to the top of a 
stand pipe 108 feet high, above the surface of the pumping 
well. 

Calculation of the power of this engine : — 

Area of 
plunger in Lift. lbs. 

sq. ft. 
9168 X 108 X 62-5 = 61,884 resistance to plunger. 

9 ft. pump stroke. 

61,884 X — = 55,695*6 lbs. load on steam 

10 ft. engine stroke, 
pistott. 
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Length Strokes 
of stroke, per min. 
Then 556956 x 10 x 8 = 4,455,648 lbs. lifted one 

foot high per minute. 

4,455,648 

and =135 horses. 

33,000 

135 
also — = 16' 875 horses for each stroke per minute. 
8 

This is the power at which the engine actually works, but 
according to the Cornish method of estimating horse power, 
an 80 inch cylinder engine would be capable of working at a 
much higher power than this. The Cornish makers usually 
construct their engines of this size, capable of working with a 
pressure equivalent to 15 lbs. per square inch acting uni- 
formly on the piston, and the efPective velocity of the piston is 
taken at 110 feet per minute, which is equal to 11 double 
strokes of 10 feet each per minute. Hence the power of the 
engine would be 

square ins. area of fbs. pres- Velocity 
piston less area of sure per per 

piston-rod. square inch, minute. 
5019 X 15 X 110 

= 251 horses. 

33,000 

This engine, when making 8 strokes per minute, lifts 660 
cubic feet per minute, or 5,940,000 gallons in 24 hours. 
When making 1 1 strokes per minute, the quantity would be 
8,167,500 gallons in 24 hours. 

Fig. 24 is the elevation of the forcing plunger pump worked 
by this engine, showing also the pumping well and the stand 
pipe. A is the wind bore or air pipe of the pump, B is the 
main pump barrel or pole case, C is the plunger pole, B is the 
lower, and E the upper valve box, F is the delivery pipe lead- 
ing to the stand pipe G ; jET is the piunping well to which the 
water is conveyed by a culvert from the settling reservoirs or 
filter beds, and ab is the level of the water in the well. 
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In the ordinary working of Cornish engines the stesm is 
raised in the boilers to a pressure varying from 35 to 50 lbs. 
per square inch, and is cut off from the cylinder after the 
piston has passed through a distance rarying from one-tenth 
to one- third of the stroke. It has been observed that the 
duty of many large pumping engines in Cornwall has been very 
great when they were first erected, and that the duty after- 
wards fell off. Mr. Wicksteed explains and accounts for this 
by saying, that at first the mine is not deep, and the engine is 
worked far below her full power, consequently the steam is 
cut off when the piston has performed only a very small part 
of the stroke. In proportion as the mins becomes deeper, 
the work required from the engine inereases, so that the 
expansion of the steam is not carried to the same extent, and 
the dnty falls off. 

Mr. Wicksteed made some very interesting experiments 
on the Comish engine at the East London Water Works, 
which amongst other things, show the effect of expansion at 
different parts of the stroke. 

Thus, when the steam was cut off at -^ of the stroke, the 
duty of the engine with 112 lbs. of Welsh coal of the same 
quality as used in Cornwall was 76*7 million lbs., and when 
the steam was cut off at -^ of the stroke the duty amounted 
to 10.5*7 milliou. These experiments were made in the most 
careful manner, and extended over a period of several weeks. 

In these experiments the steam pressure in the boilers varied 
from 30 to 52 %s., the pressure in the cylinder before cutting 
off the steam varied from 15 to 20 lbs. per square inch, and 
the mean pressure of the steam on the piston varied from 
13*08 to 15*54 fts. per square inch. 

The large amount of duty reported of the Comish pumping 
engines has given rise to a great deal of discussion within the 
last few years. When Mr. Wicksteed first visited Cornwall 
thirty years ago for the purpose of examining these engines, 
he found one of the engines at the Fowey consolidated mines 
domg a duty of 88,000,000 lbs. with a bushel of coal. The 
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weight of the Cornish bushel of coals was at first supposed to 
be 84 lbs. 9 but was since more accurately ascertained to le 
94 fts. Hence the dutj of this engine was at that time very 
nearly 100,000,000 lbs. for 1 cwt of coal. This duty has 
since been considerably exceeded, but Mr. Wicksteed satisfied 
himself from the enquiries and observations he was then able to 
make, that the Cornish engine would effect a saving of nearly 
two-thirds of the coals if used for pumping by the London 
Water Companies. In addition to the use of high pressure 
steam and the practice of cutting it off and working it expan- 
nvely, the Cornish engines differ from the Boulton and Watt 
engines in the following particulars. 

1st. The boilers are not waggon shaped but cylindrical, hav- 
ing in most cases an internal tube traversing the boiler longi- 
tudinally. 

2nd. The boiler, the cylinder, and steam pipes are com- 
pletely cased with non-conducting material, every precaution 
being taken to prevent radiation of heat. The consequence is 
that the engine room is at all times perfectly cool, and very 
little heat is lost, even when the engine has to stand still for 
several hours. 

drd. The steam and exhausting valves, as well as the 
pipes leading to the condenser, are of very large capacity, and 
the valves are capable of being opened with great facility, in 
consequence of which they are worked with much less exer- 
tion of strength than in other engines. 

4th. The length of the stroke is greater and the number of 
strokes per minute fewer than in other engines. 

5th. The engine man possesses the most perfect power to 
regulate the number of strokes, by means of the cataract. 
Mr. Wicksteed observes, that this contrivance is peculiarly 
applicable to engines for water works, where the demand for 
water increases every year, and where the power must increase 
* 1 proportion. 

6th. The Cornish engine, being put up at first of greater 
power than is actually required, say to work at first with steam 
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cut off at one-sixtli part of the stroke, will contiuue to be 
adapted to an increase of work much longer than anj other 
form of engine, because an increase of power will be obtained, 
both by working steam of higher pressure, and bj allowing the 
steam to act on the piston through a greater proportion of the 
length of stroke. In this way the expense of additional 
new engine power may be longer deferred when the Cornish 
engine is used. 

The other advantages which Mr. Wicksteed emmierates 
have chiefly reference to the pumps being worked by solid 
plunger pistons, and with bb. improved form of valves. These 
advantages, however, are not confined to the adoption of the 
Cornish engine, as the plunger pump with solid piston is fre- 
quently worked by the Boulton and Watt single acting engine. 

The celebrated doable beat valves of Messrs. Harvey and 
West, which are used so generally in the pumps worked by 
Cornish engines, are equaUy appUcable, both to lifting pumps 
and forcing pumps worked by other kinds of engines. 

THK TALTE8 USED IN PtJHPS. 

In both lifting pumps and force pumps there must be 
at least two fixed valves. Although, of course, these valves 
open and close, they are called fixed, in contradistinction to the 
valve which is placed in the moteable piston of the common 
atmospheric pump. The seating of the valves, however, or 
the part on whieh they close when shut down, is the only part 
that is really fixed and immoveable. The two kinds of valves 
formerly used for pumps in water works were called " butterfly 
valves" and conical valves. The first kind was so named, 
from a fancied resemblance to the wings of a butterfly, the 
valve being composed of two semicircular disks, hinged to the 
seating along the diameter of the semicircle. The conical 
valve was of metal, both the valve and the seating beuag accu- 
rately turned and fitted to a true conical form. This kind of 
valve is shown in the section of pumps ^nployed in the mine 
of Huelgoat (fig^ ISi p. 234). 
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Both the oonical and the hutterflj fonn of TalTe« howereiy 
have been entirelj superseded by Harvey and West's patent 
doidile beat YtJwt, which is now aknost inyariablj used in all 
large pomps. 

The seating of this valve consists of a circular ring, on which 
the lower part of the valve closes or beats as it is called^ and 
of a dicnlar plate of somewhat less diameter than the ring. 
and on the oater edge of which the upper part of the Talve 
beats — ^henoe the name double beat voire. Figs. 25 and 26, 

Fig. 25. 




Fig. 26. 




are respectively an elevation and section of the seating. In 
these figures a is the circular ring on which the base of the valve 
beats, and b is the circular plate on which the upper part of 
the valve beats, e is a cylinder cast upon the seat and turned 
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perfectly trae» so as to form a guide for the ralve to work 
upon and keep it in its place, and d \a a cap bolted on the 
cylinder to stop the upward motion of the valve and prerent 
it from rising too high. 

The valre itself may be described as a sort of doable 
cylinder one within the other, forming one piece entirely open 
at the bottom and partly so at the top. Figs. 27» 28, and 29^ 

Kg. 27. 




Kg. 28. 
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are a plan, eleTation, and section of the valre ; eee xre the 
openings in the top of the valve ; /is the part which embraces 
and works on the cylinder c. ^ as the npper ring which beats 
on the plate b, and A is the lower ring of the valve, which beats 
on the lower part of the seat a. The actual beats 1 1, (fig. 26) 
on which the parts of the valve rest when closed, are either 
formed by a raised ridge cast or wrought upon the seat, and 
faced or turned true, or are formed by introducing into circular 
grooves, cast in the seat, a ring of wooden wedges or of soft; 
metal, the top surface in either case being faced or turned true 
to receive the valve. The patentees prefer wood qr soft metal 
for the beating surfaces. The two rings g and h must also be 
faced or turned true, so as to fit accurately to the beating 
surfaces when closed, k shows the part of the valve which 
is exposed to the pressure of the atmosphere, or to the force 
created by the motion of the piston, according as the valve b 
the lowest or the highest in the pump. This area must be of 
such a size, that the pressure acting on it will overcome the 
weight of the valve, and cause it to rise. Figs. 30 and 31 

Fig. 30. 




are two sections of the valve and seat, the former showing the 
valve closed and the latter open, the arrows marking the 
course taken by the water passing through the valve. Figs. 
25 to 31, inclusive, are drawn on a scale of 1 inch to 2 feet. 4 
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The great advantages of this valve over the old forms of 
batterfly and conical valves, are the following : — Ist, as the 
area of the valve exposed to the pressure of the column of 
water, or to the action of the piston upon its return stroke, is 
considerably less than in any other form of valve, the blow and 
consequent vibration caused by the shutting of the valves is 
diminished in proportion, and less costly foundations are there- 
fore required ; 2nd, the loss of water upon the shutting down 
of this valve is considerably diminished. 

The testimony of engineers, and all who have ever been 
concerned in the working of pumps, is universal in favour of 
these valves, which work without any of the jar, noise, and 
vibration of the old forms. They open and close quietly, and 
work for years without appearing to be perpetually trying to 
destroy and knock themselves to pieces, an idea which the 
old butterfly valve especially prompted in all who witnessed 
its performance. 

Wood faces were originally used for the valves by the pa- 
tentees, but these are now frequently superseded by a mixture 
of tin and lead, forming a composition, which is run into a 
dovetailed groove in the seat. The valves and the seat are 
usually of cast iron. At the Birmingham Water Works the 
punps are 28 inches in diameter, and each pump is provided 
with a double system of valves one over the other, in order to 
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give additional Becnrity to the action of the pnmpsy which 
work under an onusaally high pressure. These valves are 
on Harvey and West's principle. They act so perfectly that 
the hlow when shutting is scarcely perceptible. They were 
taken out after six months' work, and the beating faces of 
them were as perfect as when first put in. 

Mr. Marten* says, before the introduction of Harvey and 
West's double beat valves, so great was the objection to the 
old form of butterfly valve, that the Cornish engine was on 
the point of being abandoned in despair when first introduced 
into water works. The concussion caused by the sudden 
closing of large butterfly valves acting under great pressure, 
was so severe as to occasion serious alarm for the safety of 
the machinery and foundations. 

The beautiful principle adopted in Harvey and West's 
valve for regulating the area of the part subjected to the 
pressure, entirely obviates this serious objection. 

Mr. Marten says, for ordinary purposes, as for colliery 
pumping engines, and where the lifts are small, the butterfly 
valve is very serviceable and economical ; as there are no 
expensive faces to be ground, the valves are not liable to 
derangement by grit and other impurities in the water, and 
they can be readily repaired on the spot. 

For a class of work one grade higher than ordinary, Mr. 
Marten recommends the double beat ring valve, and observes 
that as large valves from 16 to 20 inches diameter, these 
work weU when made of cast iron with wooden beats. Whent 
the valves are smaller, they are better with gun metal beats 
working face to face. 

The following description of a new kind of valve used at 
the Hull Water Works is given by Mr. Marten in his recent 
paper : — 

« The valve consists of a pyramid of circular seats one 
above another, on each of which there are a number of small 
circular beats about 2 inches diameter, into which drop a 
* Paper read before the Institution of Meohanical Engineen. . 
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correspCiiding number of gatta-percha balU. The action of 
this Talve is rerj simple. It was invented bj Mr. William 
Hosking, and inserted in the place of a double beat ralve. 
It is 22 inches diameter, and works under a head of 160 feet, 
in connection with a plnnger pump, with a direct action steam 
cylmder. Immediately upon starting, it was found that this 
valre lightened the burden of the engine about 1^ cwt., and 
it has since been working with great satisfaction." 

This valve is said to act entirely without concussion, and 
to be almost entirely free from any danger of stoppage or 
injury by extraneous bodies getting jammed in. 

The valve at Hull contains 56 of the small gutta-percha 
baUs, which, being very little heavier than water, are lifted 
with the greatest ease, and therefore reduce considerably the 
weight on the engine as compared with any form of metal 
valve, the latter frequently weighing as much as 5 or 6 
cwt. Mr. Marten enumerates many advantages possessed by 
this form of valve, one of these being the ease with which it 
can be repaired. Scarcely anything can get out of order, 
except the gutta-percha balls ; and it is only necessary to keep 
a few spare ones in readiness, while those which are damaged 
can be warmed and recast in a mould kept for the purpose, 
when they are again as good as new. This form of valve is to 
be used for the pumps of the South Staffordshire Water Works 
(see specification in the Appendix). 

ON CALCULATING THE SIZES OR DIMENSIONS 

OF PUMPS. 

The capacity of a pump, unlike that of the cylinder in the 
engine, is independent of the height to which the water is to be 
lifted. The dimensions of the pump are regulated simply by 
the quantity of water to be pumped. Its capacity must be 
such as to contain the quantity of water to be raised at each 
stroke of the piston ; and hence if we have Q = the gallons to 
be raised in one minute, and n = the number of strokes per 

v2 
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minutei then the capacity of the pump most be equal to 
S gallons. 

Put d = diameter of a pump barrel in inches^ ^ = its length 
in feety !^ s= its capacity in gallons. Then as a cubic foot 
contains 6*25 gallons, we have 

d^ X 7854 X I X 6'25^Q This being reduced becomes 
144 n ^ 

Q 

•03409 <f«/ = - (1) 

Q 



>03409<f>ii 



= / (2) 



and 



A / — — ^— — = a ....... (3). 

V -03409 In ^ 



On these simple expressions is founded the rule which 
appears in many elementary works for finding the number 
of gallons in a yard, a foot, or any other length of pipe of a 
given diameter. 

To find the gallons in a foot of length, take the square of 
the diameter in inches, strike off one figure, and divide by 3. 

To find the gallons in a yard, square the diameter as before, 
and strike off one figure. 

Example : Required the content in gallons of a pipe 15 

inches diameter, with lengths of 50 feet and 50 yards. 

22-5 
Here 15 x 15 = 225, and — g" = 7*5 gallons per foot; 

then 50 X 7*5 = 375 gallons; also 22*5 gallons per yard; 
then 22*5 X 50 = 1 125 in 50 yards. 

This rule, it will be observed, is slightly at variance 
with formula (1). It in fact supposes the factor to bd 
'088 instead of '08409. This slight difference is of very 
little consequence in practice, and in fact the popular rule 
wiU agree almost exactly with the formula, if we take the 
contents of a cubic foot to be 6*28 gallons instead of 6*2o, 
the former quantity being the one commonly assumed by 



i 
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some engineers. It is evident, if we wbh to know the weight 
of water in a pump barrel or pipe, we have only to use 
the &ctor with the decimal point one place removed, namely, 
'3409 instead of "03409. In the same way, the weight of 
water in lbs. in a yard length of pipe will, of course, be 
simply the square of the diameter in inches. The Cornish 
engine reporters, in calculating the weight of the column of 
water lifted by their engines, use the factor 2*0454, which is 
exactly six times *3409. They then multiply by the lift in 
fathoms, each of which is, of course, equal to 6 feet. 

Required the diameter of a pump with a 10 feet stroke, 
making 12 strokes per minute, to raise three million gaUims in 
24 hours. 

HereM25!522 = 173' 6 gallons per stroke. 
1440x12 * ^ 

/ 173*6 .._— ... ♦ 

Hipn A / — - — = \/509-2 = 22*6 mches for the 

inen/y -03409x10 ^^"^-^ 

diameter. 

The American engineers are in the habit of adding one-third 
for leakage, so that, according to them, a pump to do the 
above work would have to be 



a/ 



231*5 

•03409 xlO ~ V^^^ = ^^ inches diameter. 



ON CALCULATING THE POWER OF ENGINES. 

The work performed by steam engines is commonly ex- 
pressed in what is termed hoifse power; that is, an engine 
is said to be equal to the work performed by a certain nvmber 
of horses. The standard which has been fixed on to represent 
the work of one horse, is equal to 33,000 fts. raised through 
a space of one foot high in a minute. This is equivalent to 
saying, that a horse walking at his most effective speed of 
2\ miles an hour, or 220 feet per minute, and attached to 
a weight of 150 ibs. freely suspended over a pulley, will raise 
this weight at the same rate of 220 feet per minute. Usbg, 
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then, this stmdard for computing the work of engines — a 
standard which has heen agreed to bj the mechanicians of all 
countries — we obtain a very ready method of determining 
the horse power required to raise any given quantity of water 
to any required height. The data required for this purpose 
are the quantity to be raised in any given unit of time, and 
the height to which it is to be raised. The quantity is simply 
to be reduced to the weight in pounds raised per minute; 
this weight is to be multiplied by the height in feet, and the 
product diTided by 83,000 in order to find the horse power 
required to perform the work in question. 

A gallon of distilled water, at a temperature of 60° Fah- 
renheit, wd^ia exacdy lOfts. avoirdupois ; so that by adding 
a cipher to any quantity expressed in gallons, we obtain its 
weight in pounds. Suppose, now, it be required to find the 
horse power capable of raising 350 gallons of water per minute 
to a height of 170 feet. Here we have 350 X 10=3,500 fts. 
to be lifted per minute, and 3,500 x 1 70=595,000 fts. lifted 

595,000 
one foot high per minute, and ^ ^^ =18 horse power. 

When the quantity is expressed in gallons to be raised to 
a ^ven height in 24 hours, it is necessary to divide thb 
quantity by 1,440, in order to bring it into the quantity per 
minute; and as 33,000x1,440=47,520,000, if we divide 
the gallons per day of 24 hours by one-tenth of this, or 
4,752,000, we obtain the horse power reqmred to lift it. 

The table of horse power in the Appendix (Table I.) has 
been computed in this way, as showing the horse power required 
to nuse any quantity up to 10,000,000 gallons 1 foot high in 
24 hours. The first column contains the gallons to be lifted, 
and the second column gives the horse power required, being 
simply derived from the first by dividing it by 4,752,000. 

The use of this table is so simple as scarcely to demand 
explanation. Let it be required, for example, to find the 
horse power necessary to raise 3,550,000 gallons 250 feet 
high in 24 hours. 



rOR RAISING WATER. 271 

Here we have opposite the given (quantity *7471 : hence* 
•7471 X 250=186-8 horse power. 

Suppose the quantity to he raised should not occur imme" 

diately in the Table. Let it be required, for instance, to find 

the power necessary for raising 2,316,500 gallons 234 feet 

high in 24 hours. Here we have 

Hofset. 

2,300,000 -484 

16,000 » y^ part of -3367 .... -0037 
500 » ^ part of -0105 .... -0010 

*4887 
Then -4887 x 234 » 114 Horses. 

Or the horse power may be derived thus : 2,316,500 x 234= 
542,061,000 gallons rabed 1 foot high in 24 hours. 

Horses. 

raSSioM is}^'®^^^ and thU x 100 = 105-22 for 500,000,000 

4 milHons is -8418 „ x 10 - 8*42 for 40,000,000 

2 millions is -4209 -42 for 2,000,000 

50,000 ia -0105 -01 for 61,000 



as before. 



11407 Horse Power 



Without the use of a table, putting a for the quantity of 
gallons to be raised in 24 hours, and A the height in feet, we have 

q A 
4,752,000= ^^^^ P®^®"^ • • • (^)- 

When the capacity of engines for waterworks is to be 
determined according to the horse power, it is not sufficient 
to take the exact amount of this from calculation, but consi- 
derable allowances must be made for the friction of the 
engine and pumps. Besides the unavoidable friction of ma- 
chinery, it is also necessary in all engines used at waterworks 
to provide a considerable amount of surplus power, so that in 
case of accident and repairs there may be no absolute stoppage 
of the pumping. 

Some engmeers are in the habit of doubling the net horse 
power, and estimating this doubled amount at a fixed pric9 
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per hone power; others aamime the actual friction at one- 
fourth of the net horse power exerted, and call the united 
amount the gross horse power. Thej then divide the gross 
horse power into two equal parts, and order three engines, 
each of a power equal to half the gross horse power. Accord- 
ing to this mode of yiewing the subject, it is assumed that 
two of the engines — that is, two-thirds of the whole power — 
will be constantly at work, while the remaining third engine 
will be in resenre to be used in case of accident or repairs. 

It will be seen on examination that these two modes of 
estimating are not very different in their results. Let f 
represent the net horse power required by calculation ; then, 
according to the first mode, the gross horse power to be esti- 
mated for will be 2p, and according to the second mode it 

3 / p\ 15 
will be 2 ( p-j-j j=-g-p, the difference being only the 8th part 

of the net horse power. For example, suppose the net horse 

power required were 120 horses; according to one mode of 

estimaiting, 240 hp would be specified, and accorc^g to the 

120+30x3 
other, 2 =225 HP would be taken. 

It is oflen convenient, in conveying general and rapid in- 
formation where minute accuracy is not required, to express 
the work to be done in millions of gi^ons raised one foot high. 
Now, on referring to Table I. in the Appendix, it will be seen 
that the power required to raise 1,000,000 gallons 1 foot high 
in 24 hours is '21 horses. Then, according to the first mode 
of calculating above alluded to, the gross horse power to be 
assumed would be *42 for each million gallons, and according 

15 
to the other mode it would be"21x-Q-=*39. 

In general terms, let m represent millions of gallons to be 
raised in 24 hours, h being the lift in feet, including the friction 
through the pipes, and let p represent horse power : 
Then -21 A M - P (net) 

Also *42 A M IB P (gross) according to first mode, 
And *39 A M -i P (gross) according to lecond modft. 
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Put e for the coefficient of bone power in the abore equa- 
tions, or the gross horse power required to raise l^OOO^OOO 
gallons 1 foot high in 24 hours^ also p = gross horse power* 

p 
then we have cmA = p and c=~l- 

We ^lall now examine this coefficient of horse power for 
several important works, in which the engine power and the 
quantity pumped are accurately known. And first of the 
London Companies. 

The Southwark and Vauxhall Company, according to their 

returns in 1865, pumped on the average 6,000,000 gallons a 

day to a height of 185 feet, and employed for this purpose 

356 horse power. Hence, the gross horse power employed 

to raise each million of gallons 1 foot high is 

355 
63n85=*^2 horses. 

The Grand Junction ^Company employed a power of 690 
horses to raise an average daily quanti^ of 3*5 million gallons 
218 feet high. 

Here 3^ 5x218 ~*^^ horses. 

The Chelsea Company employed 221 horse power to raise 

an a?erage daily quantity of nearly 4,000,000 gallons to a 

height of 157 feet. 

221 
Hence' 4^^^= '35 horses. 

The East London Company employed 668 horse power 
to raise an average daily quantity of nearly 9,000,000 gaUons 
to a height of 107 feet. 

568 
Hence 9^ 107~'^^ horses. 

The Lambeth Company employed 222 horse power to raise 
an average daily quantity of 3,000,000 gallons to a height of 
146 feet. 



222 
Hence « w 146=='^^ horses. 



N 5 
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Hie followiiig Table expresses a summary of the resulta 
which have been stated :— ^ 



Nmb0 id CooqMDj. 

Soiithwtfk and Ytmhall 
Cbdiea 


to niae 1 miUion g»lla. 
IM feet high. 

32 
35 


LtmlM^ii t , r . , 


51 


East LoodoD • • • . 


59 


Orand JnncMoii « « « ■ 


90 


Net hone power reoiiired 


21 



Gross horae power aeeordiiig to the fommla 2 P . 42 

15 
Gross hone power according to the formnU ^ P • 39 

It appears that the first two oompanies on the list have little 
more than 50 per cent, in excess of the actual net power 
required exclusive of friction. They each have less than 
required by either of the formulae which have been considered 
above, and are certainly not obnoxious to the charge of having 
too much surplus power. The Lambeth and the East Lon- 
don have each more surplus power than would probably be 
adopted for the vrorks of provincial towns, but probably not 
more than is judicious to provide for the rapid increase of the 
population which they supply. The Grand Junction is the 
only company which appears to have a remarkable surplus 
power. 

Looking at the great economy with which engines work 
when loaded below their full power, and looking also to the 
constant and rapid increase of the London water companies, 
it is questionable whether any one of them, except the Grand 
Junction, could be said to have an extravagant amount of 
surplus power. Tet we find an Inspector of the Board of J 
Health charging them all in the most wholesale manner with 
reckless and extravagant expenditure of this kind ; and actu-^ 
ally attempting to make out that the London water compames 
in the aggregate employ 4^ times as much engine power as 
is necessary. 
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I shall now examine a few instances of recent works of 
considerable magmtnde» in order to show the scale on which 
the principal engineers of the day have proceeded in fixing 
the amount of engine power. HerOi again, the case of the 
London companies first presents itself, in their recent applica- 
tion to Parliament for powers to change the site of their 
works, and take the water from the Thames above the reach 
of the tide. 

At a time when the average daily snpply of the Chelsea 
Company was 5,000,000 gallons a day, Mr. Simpson pro- 
posed 600 Korse power to raise the water 166 feet high from 
Seething Wells to a reservoir on Putney Heath. 

Hence ^ =*73 horse power for each million 

gallons raised 1 foot high. 

Mr. Qnick, who is engineer for two of the companies at 
Hampton, proposed 94 horse power for the Grand Junction 
Works to raise 5,000,000 gallons a day, over a stand-pipe 
46 feet high. 

He proposed the same power also for the Southwark and 
Vanxludl Works, in which 8,000,000 gallons a day have to 
be raised 40 feet high; and for the West Middlesex Company, 
where the work to be done is nearly the same as for the 
Southwark and Yauxhall Company, he seems, according to 
the printed evidence, to have proposed 100 horse power. 

Hence the following co-efficients :— 

Grand Junction -?i- = -41 ( ^^"^, P^^®'. ^f,T\ T'^I?'''* 

6 X 46 I gallons raised 1 foot high. 

04. 

Southwark and VanxhaU ^-^^ «. '29 ditto 

8X40 

West Middlesex ^^,^ '28 ditto. 

8X64 
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ON THB MODS OF CALCULATING THX DIMENSIONS 0? 
ENGINES REQUIRED TO PERFORM A GIVEN AMOUNT 
OF WORK. 

This method of calculation is fsr preferable to that which 
simply determines the horse power of an engine^ and leaves it 
to the maker or contractor to furnish an engine capable of 
exerting this power either nominally or really. The calcula- 
tion of engines according to horse power has led to so many 
errors and is capable of so much misinterpretation that it will 
be well to abolish it in all commerdsl transactions of im- 
portance. 

The principal points required to determine the dimensions 
and capacity of a pumping engine are the mean effective pres- 
sure of steam in the cylinder^ the length of stroke^ the number 
of strokes per minute^ and the diameter of the cylinder. 
Amongst the Cornish engineers, and amongst the makers of 
their celebrated engines, the former particulars are so well 
understood, so generally settled and agreed upon, that the 
diameter of the cylinder alone represents with tolerable aceu* 
racy the power of the engine. 

It seems to be generally agreed amongst the Cornish engi- 
neers, that their engines may be made to work with a maxi- 
mum effective pressure of from 15 to 17 lbs. per square inch 
of the piston, and with a velocity of 200 to 240 feet per 
minute ; but as the engines are commonly single acting, only 
half of this velocity is effective. 

For example, in '* Brown's Engine Reporter," in which not 
less than 24 single pumping engines are reported every month, 
the following data are assumed with respect to the engines : — 

Those with cylinders under 30 inches are assumed capable 
of working with a load of 18 lbs. on each square inch of the 
piston. Those with cylinders from 30 to 45 inches with a 
load of 17 lbs. ; between 45 and 60 inch cylinders, with a load 
of 16 lbs. ; and above 60 inches with a load of 15 lbs. In 
making up the horse power the pistons of all single acting 
engines are calculated to move with an actual velocity of 220 
feet per minute, or an effective velocity of 110 feet per 
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inmate. Tables 2 to 5 in the Appendix show the power of 
Cornish engines cslcokted on these data, from 15 mches up 
to 100 inches diameter of cylinder. 

Most of the Conush pumping engines are single acting ; 
but the doable acting engines used in Cornwall for raising 
the kibbles are nsnallj calculated to work under a load of 
10 lbs. per square inch, and the piston is assumed to have 
an actual and effectiTC velocity of 250 feet per minute. 

Mr. John Darlington^ the author of a valuable paper 
which appeared in the first number of the "Engineering Jour- 
nal,'' assumes the initial pressure of steam on entering the 
cylinder of the Cornish engines at 30 lbs. per square inch. 
He assumes it to be cut off at one-fourth of the stroke, and to 
have a mean pressure of 1 7*8 lbs. per square inch. From this 
he deducts one-fifth for friction, and takes the remaining 
14*24 lbs. to represent the effective pressure of the steam. 
He assumes the same effective pressure for all engines from 
15 inch cylinders up to 100 inches. He assumes the length 
of stroke to be 8 feet in the small sized engines from 1 5 inch up 
to 19 inch cylinders, and to be 12 feet in the largest size from 
85 to 100 inch. In the same way also he takes the effective 
velocity (the length of stroke multiplied by the number of 
double strokes per minute), to vary from 112 to 96 feet per 
minate, the smallest size having the highest velocity, and the 
largest having the lowest. These velocities are what Mr. 
Darlington terms %afe rates of working, but in his table he 
gives another column showing the most economical rate of 
working, and this economical rate is comm<mly less than half 
of that which is assigned as the safe rate. This is only in 
aceordance with well-established facts — ^with the opinions 
also of all practical men, and is borne out by the daily 
-working of the pumping engines in Cornwall. 

In proceeding to determine the dimensions of an en- 
gine according to the Cornish method, the .first and prin- 
cipal thing necessary is to produce an equation between the 
work to be done in a unit of time and the power of Ihe engine 
in that same unit. Thus, if we take the work to be done in 
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Ibt. railed one foot high per minute, the whole pressure of 
•team on the piston multiplied hy the effectire velocity of the 
piston per minute must he equal to this work. 

Putting IT for the work to he done in lbs. raised one foot high 
per minute, P = the whole pressure of steam on the piston in 
lbs., = its velocity in feet per minute, then must to = P o. 

It will he most convenient, however, to subdivide P into 
the two factors which evidently compose it, namely, the area 
of the piston or cylinder and the pressure p per square inch. 
We have then the expression %d =iapv. 

Engineers adopt different modes of calculating the elements 
or parts of this equation, ir, of course, is a determined or 
given quantity, while p and v are usually assumed at what are 
known by experience to be reasonable and proper. 

Thus if to be the whole work to be done exclusive of fric- 
tion it will he quite safe to assume, as many of the Cornish 
engineers do, that p may be 14 or 15 lbs. and v may he 80 
or 85. Either of these assumptions will enable us readily to 
derive a, the area of a cylinder which will do the required 
amount of work. 

Suppose a Cornish engineer prescribes an engine with a cylinder 
area=a to perform a given quantity of work to, we know im- 

mediately by the expression — =j9 v what he has assumed for 

a 

the effective pressure of steam multiplied by the velocity of 
the piston. We know, in fact, what value he has assumed 
for^ V, and though this may vary slightly among different 
engineers, there is still a very fair and general uniformity of 
opinion on the subject. Some may put p a little higher than 
others, and v a little less, but the product p v is usually 
about the same among the different Cornish engineers. 

The following comparison will explain this more clearly : — 
Three celebrated Cornish engineers were requested to specify 
separately the kind of engine they would recommend to per- 
form a given quantity of work. They were Mr. William 
West of St. Blazey, Mr. Samuel Hocking of John Street, 
Adelphi, and Messrs. Harvey and Co. of Hayle foundry. 
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It appears from the preceding Table^ that vre shall follow 
the practice of the most eminent Cornish engineers, in adopt- 
ing a value varying from 850 to 1200 for the denominator 

vpm the expression — =«. 

The following Table shows the value oS vp ia the actual 
work of the 15 pumping engines, for which particulars are 
given with sufficient detail in *' Brown's Engine Reporter/' 
for 1855 
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It is worthy of observation, that this Table of actual per- 
formance does not bear oat the idea, that the most duty is 
invariably performed by engines, which work at the lowest 
rate of speed, and with the smallest pressure. Of those en- 
gines in which vp is below the average, only one reaches a 
duty of 77 millions ; while in Nos. 6, 1 1, and 12, in which v p 
is very small, the duty is also lower than in any of the other 
engines. In those engines where the duty is highest, as in 
No. 3, No. 4, and No. 7, which are all 80 inch cylinder en- 
gines, the respective values ofvp are 934, 1115, and 779, or 
considerably above the average.* 

Taking into consideration the practice of the most eminent 
Cornish engineers, in connection with the results exhibited in 
this Table, I venture to propose the value t7j9=1000 as a 
constant, in estimating the size of the cylinder for lai^ Cor- 
nish engines to be used in waterworks. We shall then have 
the very simple expression 

W 

TjJQQ=a, the area of the cylinder. 

For example, let it be required to find the diameter of 

cylinder which a Cornish engine should have to raise 3,5005000 

gallons 120 feet high in 24 hours. 

ths. raised 1 foot 
high per minute. 

„ 3,500,000x120 ^^_,,^ ^ 
Here -j^ =2,916,667=W. 

TViPn 2,916,667 = 29 1 7 area of cylmder 
1000 
in inches =61 inches nearly for the diameter of the cylinder. 

* In the preceding table it should be observed that the value of /i is 
derived, not from the actual pressure of steam on the piston, but from the 
actual water load divided by the area of the piston. It follows that the 
actual pressure of steam must be somewhat more than this, because it has 
to overcome all the friction of the pumps and parts of the engine, besides 
raising the actual water load. If, in order to compare the value of 9p as 
determined from actual working with that assumed in calculations of 
power, we add to vp in the table ^ of its amount for friction, we shall 
ftnd the agreement remarkably cicise. 
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We Lave seen that varioos Comish engineers assume dif- 
ferent values f6r v p, Thus« Mr. West appears to assume 
about 926 ; Mr. Hocking 1113; and Messrs. Harvej 1 140. 
According to the practice of calculation followed by each of 
these,' the engine to do the above work would be determined 
thus— 

Area of Diameter of cyUader 

ejlinder. in indwa. 

By Mr. West —^^ - 3150 - 63* 



Mr. W. Hocking ?:^'|^ - 2621 . 57t 

Messrs. Harvey ^^^^^ « 2558 - 57 



In the Appendix (Table 6) will be found Mr. Darlington's 
Table of horse power, which has been before alluded to. The 
pressure of steam which he assumes, corresponding with that 
which we have used in speaking of the actual working of Cor- 
nish en^es, is 14' 24 fibs, per square inch. The Table is 
valuable, beca.use it shows in a very simple manner the pro- 
portion between the horse power at safe working speed, and 
at the economical rate of working. 

Mr. Darlington's value ior p being constant, namely 14*24, 
that of 9 is variable, being 80 feet per minute for the smaller 
sized engines, and increasing up to 96 for those of the largest 
size. 

Taking a velocity of 80 feet for engines up to 60 inch cyliu* 
der, Mr. Darlington's value for vp would be 14'24 x 80= 1 139. 
Taking a velocity of 84 feet for engines from 60 to 70 inches, 
the value oivp would be 14*24 x 84= 1 196. Taking a velo- 
city of 88 feet for engines between 70 and 80 inches, the value 
of r p would be 14*24x88=1253. Taking a velocity of 
92 feet for engines between 80 and 85 inches, the value oiv p 
would be 14-24 x 92= 1310. Finally, taking a velocity of 96 
feet per minute for engines with cylinders between 85 and 100 
inches, the value of »|> would 14*24x96 = 1367. 

These latter values appear to be greater than those which 
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obtain in practioey and are not in acoordanoe with thoae of 
otlier engineers. It will readily be seen, that in adopting Mr. 
Darlington's valoesy we should fix an engine of smaller size 
than by using any of the constants before given. On the 
whole, there appears no reason to vary the opinion already 
expressed in &vour of the expression 

W 

T75j^=area of cvlinder. 
1000 



Steam* admitted throughoat the stroke 
cut off at 



If 



99 



99 



»> 



f> 



STEAM WORKED EXPANSIVELY. 

When steam is admitted throughout the whole of the stroke, 
its efficiency is of course equal to that of the uniform pres- 
sure or unity. When cut off at any part of the stroke as — 

its efficiency u equal to 1 x Hyp. Log. n. Hence the follow- 
ing table, showing the efficiency of steam at different degrees 
of expansion : — 

1-000 
1-287 
1-405 
1-693 
2-099 
2-386 
2-609 
2-792 
2*946 
3.079 
3.197 
3-303 

Now, if steam be admitted with any given pressure p, and 
be cut off at the n^ part of the stroke, it will have an equiva- 
lent pressure throughout the whole stroke = p x i. x 

. ft 

1 + Hyp. Log. ». Suppose steam of 35 lbs. pressure cut off 

* The greater part of this scale ii taken from Lean's Historical State- 
ment of the Steam Engines in ComwaU, a work which has been befom 
referred to. 
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OR 

at I part of the stroke. Then we have — x 2*946 s 14*7 

for the mean effectiye pressure throughout the stroke. 

The pumping engines used in the American waterworks are 
usuallj douhle acting engines, and they are oommonlj calcu- 
lated to work with an effectiye mean pressure of ahout 14 lbs. 
per square inch. Thus, in several engines designed bj Mr. 
McAlpine for Brooklyn, Albany, Chicago, and other works, the 
pressure of the steam is thus estimated-^ 

As.p«rtqoti«iiich. 
Pressure in bcnler 30 

Do. when admitted to cylinder • • • 20 

This being cut off at j- of the stroke, we have (by Table in page 

284) — - X 2*386 = 11*93 lbs. per square inch for the mean 
4 

pressure on the piston throughout the stroke. 

To this must be added, say, 9*5 lbs. per square inch for the 
additional pressure due to the vacuum produced by condensa- 
tion. From the total pressure so derived the American engi- 
neers deduct one-fifth the initial pressure of the steam, or 
4 lbs. per square inch for the friction of the engine, and one- 
half this quantity, or 2 lbs. per square inch, for the friction of 
the air-pump piston. Hence the effective pressure will be 
derived as follows : — 

Hm, per sqaus inch. 
Mean pressure of steam at 20ibs. per inch, cot off at 

^ of the stroke 11*93 

Addition for Tacnum 9*5 



2Q fts. 21-43 

Less for friction of engine -r- ** ^ 

b 

„ „ air-pump 2 • • 6* 

Mean effective pressure ... • 15'43 

or nearly 15^ lbs. per square inch. 

This mean effective pressure is then to be multiplied by the 
effectiye Telocity of the piston, which, in the double acting en- 
gines, is frequently as much as 300 feet per minute, and from 
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tbis is deducted the actual resbtance of the ur-pmnpy which is 
obtained by mnltipljing the area of the air-pump by 9*5, th'; 
▼acDom pressare as before, and bj the Telocity of the air-pump 
piston. This last deduction redoces the actual efPective pres- 
sure to about 14 lbs. per square inch, which is a pressure com- 
monly assumed by the American engineers in their calcuktions. 
The mode of calculation will, perhi^ra, be better understood 
uj putting the equation into the algebraical form given by 
Ilaswell : — 
Let P be the mean effective pressure on the whole area of 
the piston, due to the expansive action of the steam 
usually assumed at 12 lbs. per inch. 
V = pressure on the whole area of piston due to the va- 
cuum produced by condensation usually assumed 
at 9*5 lbs. per square inch. 
/= pressure on the whole area of piston necessary to 
overcome the friction of the engine usually = 4 
lbs. per inch. 
m = pressure on the whole area of piston necessary to 
overcome the friction of the air-pump usually = 
2 lbs. per square inch. 
S = velocity of steam cylinder piston, usually from 240 to 

300 feet per minute for double acting engines, 
n = velocity of air-pump piston, usually assumed at 80 to 

100 feet per minute. 
b = resistance of the vacuum against the air-pump piston 
= area of air-pump piston x 9*5. 
W = weight in lbs. lifted one foot high per minute, then 

S(P-hi?) (/+in)-n5=W. 

Examples. — ^The condensing engine proposed for Chicago 
waterworks has the following dimensions. 

Diameter of steam cylinder, 46 inches. 

Lengtb of stroke, 9 feet. 

Effective velocity of piston, Ss240 feet per minute. 

Pressure of steam on entering cylinder, 20 lbs. per square inch. 

Steam cut off at ^ of stroke. 
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Presiare doe to Taeiiiim v *> 9-5 lbs. per square iuctb 

Diameter of air-pump, 34 inches. 

Also yahie of/ a 4 fbs. per square inch. 

„ m » 2 fbs. per square inch. 

ft n » 80 feet per minute. 

Then S= 240 

P=1662 X 12 = 19944 
r=1662 X 9-5= 15789 



35738 
Also /= 1662 X 4 = 6648 
m = 1662 X 2 = 3324 



9972 

25761 Total pressure acting 
on piston. 

Then 25761 x 240=6,182,640 lbs. 
Less area of air-pump 

34 in. = 907-92 X 80 X 9-5 690,019 



5,492,621 



The work to he done hj this engine is equivalent to raising 
chree million gallons 90 feet high in twelve hours = 

■5,000,000 X 90 ^ 3,750,000 lbs. raised 1 foot high per 

minute. To this Mr. McAlpine adds one-fifth for the friction 
of the pumps and machinery, making 4^ milhons of pounds. 
The friction of the water in passing through the pumping 
main will increase the duty on the engine to 5 j- million pounds, 
raised 1 foot high per minute. Now, a single acting Cornish 

W 

engine, according to the formula = a, must have a cylin- 
der equal in area to-?i?^M22 = 5250 = a diameter of 82 
^ 1000 

inches. We have seen that the American engineers adopt t\ 
double acting engine, with a 4 6 -inch cylinder, having an area 
of only 1662 inches, or less than ^ that of the single acting 
engine. 
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At the AHmdj works the engine is required to raise in 12 
honn 2 million New York gallons (of 8 lbs. eadi) to a height 
of 156 feet, and 1 million gallons to a height of 238 feet. 
Hence Ws 6,111,111 

To this add for friction in main . . 733,270 

Also ^ for friction of pumps and machinery . 1,222,222 



8,066,603 lbs. 



to be raised one foot high per viinnte. 

For this Mr. Me Alpine proposes a steam cylinder of 58 
inches and 12 feet stroke, the piston making 10 strokes per 
minute, and having an effectiye Telocity of 240 feet per 
minute. 

The assumed pressure of steam, the vacuum, &c., being 
the same as in the Chi cago engine, the power calculated 
by the same formula S {P + v)—{f + myr—nb is equal to 
8,667,600 lbs. 

Now to do this work, a single acting Cornish engine, com- 
puted as before, would require a cylinder with an area = 8667 
inches = a diameter of 105 inches, or considerably more than 
3 times the area adopted for the American engine. 

In the Brooklyn works the duty required is much greater 
than in either of the preceding, being equal to the eleration of 
5 million gallons in 12 hours, through a main 6,000 feet long 
and 30 inches diameter, to a height of 190 feet. This duty, 
including the friction of the machinery, and that of the water 
passing through the rising main, is equal to 17 millions of 
pounds, raised one foot high per minute, or about 515 horse 
power. 

To effect this work Mr. Mc Alpine proposes an engine witb 
a steam cylinder of 72 inches diameter, and 12 feet stroke, 
working steam at 20 lbs. pressure, to be cut off as in the othe. 
cases at \ of the stroke. The effective velocity of the piston or 
value of S in HasweU's equation, is here 288 feet per minute. 
The diameter of the air-pump is 48 inches, and the velocity of the 
air-pump piston is 96 feet per minute, all the other values beini^ 
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the same as those which are described for the Chicago 
engine. Tha power of this 72 inch cylinder engine, when 
computed by the formula S (p + i;) — (/ + m) — n^, is equal 
to 16»524,912 lbs. raised one foot high per minute. 

NoWy if this work were to be done by Cornish single acting 
engines^ it wonld require 2 engines, each with cylinders ex- 
ceeding 100 inches in diameter^ whereas the American engi- 
neer proposes only one engine of 72 inches. 

We have seen, that in the practice of the most eminent 
Comisli engineers, the value of vp, or the product of effective 
velocity of piston by mean pressure of steam, is equal to 1,000. 
If the American engines were simply double acting, all other 
things remaining the same, the value of vp would of course 
be doable, or 2,000. This, however, is not so, because the 
actual velocity of the piston is considerably greater. 

If we take in each case the value of W or work to be done in 
one minute, and divide it by the area assumed for the cylinders 
of the American' engiues, we shall have the value of vp for 
the purpose of comparison with the single acting Cornish 
engines. 

ThuB at Chicago ^'f^'^ = 8.169 

X All. 8,066,608 o rkB-o 
„ at Albany -i = 8,068 • 

^ 2,642 

17,000,000 
.. atBrooklyn -^^j- = 4.174 

Thus the value of vp being in the American engines from 8 
to 4 times as great as in the Cornish single acting engines, 
and the area of the cylinder requiring to be inversely as vp, 
it follows that the American double acting engines require 
cylinders only one-third or one-fourth the area of the single 
acting engines. 

The mode in which the American engineers provide for the 
auxiliary or surplus power has been abeady alluded to. The 
doable acting condensing engine is designed with sufficient 
aorwer to do the whole work in 12 hoursi and in addition, a 
1 ■) 
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high pressure non-eondensing eng^ is erected, capable of 
doing the whole wcnrk in 24 hours, and sometimes in 20 
hours. 

In order to make the comparison complete hetween the 
American system and our own, I shall briefly notice the non- 
condensing engines pressed in the three works which ha^e 
been taken as examples, namely those of Chicago, Albany, 
and Brooklyn. 

The work to be done by the non-condensing engine at 
Chicago is that of raising 3 million gallons 90 feet high in 
24 hours. When the friction of the pumps and madxineiy 
is added to this, and also the friction of the water passing 
through the pumping main, the work to be done is equivalent 
to raising 2,600,000 lbs. one foot high per minute, or W = 
2,600,000. 

To effect this, an engine is proposed with an l8-ineh cylin- 
der and 6 feet stroke, with a piston travelling 240 feet per 
minute, using steam at 80 lbs. pressure per square inch at the 
cylinder, and cut off at one-fourth of the stroke. 

According to the table at page 284, the mean effective 

80 
pressure or value of^ will be — x 2*386 = 47' 7 lbs. per 

4 
square inch. 

The value of P will be 254 x47-7 = 12116. 

Tnen 121 16 X 240=» P the whole power= 2,907,840 lbs., or 

about 300,000 lbs. in excess of the power actually required. 

At Albany the work to be done is equivalent to raising 

1,600,000 imperial gallons 156 feet high, and 800,000 gallons 

288 feet high in 20 hours ; 

Then l>gOO>OOOxl-^g = 2,080,000 

And ^QQ'QQQ^^^^^ = 1,586,66 7 

W = 3,666,667 
To this is added the same amount 
to friction of water in mains, in 
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pumpsy machineiy, &c., as for the 
condensing engine^ namel j • . • 



1,955,492 



Total 5,622, 159 lbs. raised one 

foot high per minute. 

The engine proposed for this has a steam cylinder of 24 

inches' diameter and 6 feet stroke, mAting 20 strokes per 

minute, and working steam of 70 lbs. pressure to be cut off at 

f stroke. 

Here v = 240 
a = 452 

p = 70 X J X 1-287 = 67-57 lbs. for the effective mean 

pressure. 

Then 67*57 X 452 x 240 = 7,329,994 lbs. raised one foot 
high per minute for the power of the engine, which is oonsi- 
derablj in excess of the power actually required. 

At Brooklyn, where the work to be performed by the non- 
condensing auxiliary engine is equal to raising 5 million 
gallons 90 feet high in 24 hours, the power required, includ- 
ing the friction of machinery and the friction of the water 
passing through the mains, is equal to 8,067,476 lbs. raised 
one foot high per minute. For this work an engine is pro- 
posed with a 30 inch cylinder and 6 feet stroke, using steam of 
80- lbs. pressure at the piston, with an average effective pressure 
of 48 lbs. and an effective velocity of piston = 240 feet per 

minute. Hence the power of the engine will be 

Area of Pressure 
Cylinder. per inch. Velocity. 

706-86 X 48 x 240 = 8,143,027 lbs. 
The following table gives at one view the particulars re- 
lating to the American non-condensing engines which have 
been noticed in the preceding pages : — 



Name of 
Work. 


Diam 

Under 
ina. 


Velocity of 

piaton in feet 

per minute. 


Freeeureof 

Steam at 

Pirton. Ibe. 


Pert of Stroke 

at which 

Steam i« cut 

off. 


ATcrage 
preesure 

of 
Steam. 


Value of 
vp. 


Chicago 

Albaiiy 

BrooUyn 


18 
24 
30 


240 

240 

1 240 


80 
70 
80 


* 
f 


48 

67-6 

48 


11520 
16224 
11520 
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The Chicago and Brooklyn are more recent works than the 
Albany, and may be taken to represent the most modem prac- 
tice amongst the American engineers. 

ON THS COST OP KNOINK8 POR PUMPING PURPOSES. 

This is often estimated at a price per horse power of actual 
work to be performed, but the practice has been productiTe 
of serious errors and misunderstandings. 

Engineers have been heard gravely calculating the net horse 
power, at £50 per horse for condensing engines, a sum which 
is far too low, and which in reality represents about the value 
of each horse power of the gross instead of the net amount. 

The following table presents some examples of the cost of 
engines according to horse power of actual work to be per- 
formed. The unit of work assumed here is the usual one, 
commonly called Watt's standard, namely 33,000 lbs. raised 
one foot high per minute = 1 horse power. The last column 
contains the cost per net horse power reduced to this stand- 
ard. The price of the engine in each case mcludes the boilers 
and pumps, and where no note occurs to the contrary, it also 
includes the erection of engine-house, boiler-house, and aU 
necessary masons' and bricklayers' work. 
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The statement of work to be done by the American engmes 
is in each case somewhat understated, as it is derived from 
the actual height to which the water is to be lifted without 
any addition for friction through the pumping main. 

It follows that the price per horse power is in each case 
somewhat higher than it would be if based upon the Ml 
amount of work including this friction, as in the estimates 
quoted from the Cornish engineers. Notwithstanding this, 
however, the American estimate is in every instance consider- 
ably below the price of single acting Cornish engines. 

The highest American estimate is that for the Chicago 
works, where the horse power is 135 horses, and where the cost 
of entire engine power, including duplicate engine, land, and 
buildings, is only ^83 per horse power. 

For other works, the cost per horse power appears to dimi- 
nish nearly as the magnitude of the work increases, till ^e 
have for the large pumping power at Brooklyn, only from ^33 
to £Z5 per horse power. 

This great difference of price, as against the single acting 
Cornish engines (see first part of the Table), is in some mea- 
sure due to the engines being made double acting, and thus 
requiring much smaller cylinders, and a proportionate reduction 
of other parts ; and also, in some measure, to the use of the 
non-condensing engines as auxiliary power. We feel bound 
also to call attention to the fact, that Messrs. Hawthorn's 
double acting expansive engines will bear comparison even with 
the cheapest of the American. 

Experiments and recorded observations are still required 
as to the working and actual duty of these double acting ex- 
pansive engines. Their first cost is certainly much less than 
that of the single acting Cornish engines; and unless they are 
more expensive to work — in other words, unless they perform 
less duty — they ought to be preferred to the single acting 
engine. The Table here given, and the remarks here made, 
are not ventured as conclusive or satisfactory even to the mind 
of the author ; but are merely given to draw attention to a 
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subject of great importimoe, and one which is daily becoming 
of more moment with refer^ice to the supply of towns having 
moderate command of capital. In new waterworks it should 
of course be the aim of the engineer to effect as much as pos- 
sible with the means at his disposal. It is dangerous to be 
led away by theories in favour of any particular kind of en- 
gine ; but the whole subject, on the other hand, requires the 
exercise of calm and deliberate judgment, based on the most 
accurate information which can be procured. 

As an example of large double acting pumping engines in 
this oountry, a specification is given in the Appendix, of the 
engines now being erected by Messrs. Boulton and Watt, for 
the South Staffordshire Works, under the direction of Messrs. 
M 'Clean and Stileman, of London, and Messrs. Marten, of 
Wolverhampton, Civil Engineers. 

Opinions are much divided, as to the comparative merits of 
beam and direct acting engines for pumping purposes. The 
sin^ acting Bull engine, with the top of the cylinder closed, 
the piston-rod working through a stuffing-box in the bottom, 
and the steam admitted also at the bottom, was intro- 
duced many years ago in Cornwall, and several engines on 
this plan have been erected for American waterworks, and 
more recently by three of the London companies for their 
new works at Hampton. The advocates of the direct acting 
engine contend that, the cylinder being placed immediately 
over the pumping well, and the piston-rod being in fact also 
the pump rod, there is much less friction than in the beam 
engine. Mr. Marten, who has under his management both 
kinds of engines, gives a preference to that with a beam. He 
observes that, as a rule, direct acting engines when working 
under a high initial pressure are apt to start off at a speed 
which jars and strains the whole of the machinery through* 
out. 

'*The speed attained by the piston as driven indoors at 
the beginning of the stroke, is many times greater than the 
average velocity per minute ; and consequently unless all the 
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parts are made extra strong in proportion, tlie bearings weftr 
out with great rapidity, and the machinery is soon loose at 
every joint. In a beam engine, on the other hand, a very 
large proportion of the initial force is absorbed in overcoming 
the inertia of the heavy beam, which thus becomes a reservoir 
of surplus force in the earUer portion of the stroke, to be 
given out during the latter ; and the result is, that a compa- 
ratively steady velocity is maintained throughout the stroke, 
much to the advantage of the whole of the machinery ; in- 
deed it is only with this adjunct that expansion can be car- 
ried safely to a very high degree. The beam in fact is a 
reciprocating fly-wheel, and is attended with precisely the 
same action and the same beneficial results* The writer is 
acquainted with a case of two large expansive engines of 
nearly the same size working near together, one of which has 
an open network beam of about 30 tons, and the other a 
strong heavy beam of 45 tons' weight. The difference in the 
working of the two engines is very perceptible, and nearly 5 
million pounds duty in favour ^of the heavy beam. In many 
cases where a jar is perceived in pumping engines working 
with a high expansion, it may be cured by increasing the 
weight or inertia of the beam.*'* 

For pumping a large quantity of water through a great 
length of main pipe, under a heavy pressure, Mr. Marten's 
experience has led him to prefer the double actii^ beam en- 
gine erected in duplicate, the two engines being coupled toge« 
ther at right angles to one large fly-wheel. Such is the style 
and combination of pumping engine adopted by Mr. Marten, 
in conjunction with Mr. M 'Clean, for the South Staflbrdshire 
Works. See specification of these engines in the Appendix. 

DOUBLE CYLINDER ENGINES. 

Ever since the double cylinder engine was first introduced 
by "Woolf, this form has been in favour with some engineers. 
These are not much used in waterworks, but there are many 

* From Marten's Paper on Pumping Engines already referred to. 
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combined cylinder engines on Simms' prindpie in the Condsh 
mines. The French use extensivelj donble cylinder engines, 
and contend that they obtain by their m.?ans a more useful 
and economical effect from the expansion of the steam. The 
monster pumping engines, with 144 inch cylinders, erected for 
draining the Haarlem Mere, from the designs of Mr. Gibbs and 
Mr. Dean, have double cylinders, one within the other, the 
outer being fitted with an annular piston. Mr. Marten, while 
admitting the advantages of double cylinder engines in some 
cases, where uniformity of power throughout the stroke is a 
desideratum, yet for large pumping engines prefers single cylin* 
der double action engines. He remarks that the arrangements 
with a double cylinder are much more complicated, and he finds 
that all useful degrees of expansion can be carried on sufficiently 
with a single cylinder. 

PUMPING INTO A MAIN. 

Where more than one pump is used there is often only on 3 
air-vessel. Mr. Marten, however, recommends a separate air 
vessel and back flap valve to each pump, also a blow-off valTC 
loaded with a certain weight, so that in case of any recoil in a 
great length of main the pumps would not be burst. 

In the main pipe, when the pumping lift is considerable, 
he recommends the insertion of a back flap valve at every 50 
feet of elevation above the pumps, so that in case of any pipe 
bursting, the whole main shall not be run dry. 

The leading point to be kept in view in the design and 
construction of engines under these circumstances is the main- 
tenance of a constantly uniform flow of water through the main 
pipe from the pumps. This is provided for by the compound 
double acting pumps, by large air-vessel accommodation, and 
by the coupling of the engines at right angles. 

PUMPING INTO A RESERVOIR. 

At Wolverhampton, the reservoirs are prevented from being 
overfilled by a self-acting check valve, which shuts against any 



802 



PUMPING MACHINXRY 



supply beyond a certain limit, so that the maa working hii 
engine at a distance knows when his work is done. The valve 
is so arranged, that immediately the engine ceases to work the 
supply to the town is maintained from the reservoir through 
flap valTcSy underneath the self-acting stop-Falve, opening im- 
mediately as soon as a supply is required for the town.* 

STAND PIPES. 

These appear to be an unnecessary addition to the expense 
of a pumping establishment. They were first introduced, not 
so much to give the required pressure in the main pipes sup- 
plying a town, as to equalize the weight on the engine, and 
cause it to pump always against a uniform load. An air- 
vessel however costs only about one-tenth as much as a stand 
pipe, and is thought by some engineers to answer the purpose 
equally well. 

The Tettenhall engine, at the Wolverhampton works, pumps 
from a well 140 feet deep, over a stand pipe 180 feet high, 
making a total lift of 320 feet. At the time the stand pipe was 
erected the Company had no summit reservoir, and the stand 
pipe was thought necessary to give the pressure in the muns. 

Mr. Marten, the engineer of the works, in his recent paper 
read before the Institution of Mechanical Engineers, appears to 
be of opinion that the stand pipe was unnecessary. He ob- 
serves, that all the requisite safety can be secured by pumping 
into an air-vessel with a check valve on the delivery side, so 
that in case of a pipe bursting, or any sudden diminution of 
pressure taking place, it would be impossible for the engine to 
'' go out-of-doors *' at more than a certain regulated speed. 
Mr. Marten says, '* Unless the stand pipes are carefully cased 
in winter they are in great danger of being frozen, and very 
serious consequences have arisen from this cause. There is 
also a drawback with them on account of the great weight of 
the column of water, which has to be set in motion from a 
dead stand at each stroke of the engine." 

* Fh>m Marten's Paper on Pumping Engines. 
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ON THE DUTY OF PUMPING ENGINES. 

This tenn was first explabed in a definite and precise 
manner hj the learned and accomplished Davies Gilbert, Pre* 
sident of the Royal Society, in a paper read before that body 
in 1827. *'The criterion of the efficiency of ordinary ma* 
chines is force, multiplied by the space through which it acts ; 
the effect which they produce, measured in the same way, has 
been denominated duty, a term first introduced by Mr. Watt 
in ascertaining the comparative merit of steam engines, when 
he assumed one pound raised one foot high, for what has been 
called in other countries the dynamic unit ; and by this crite* 
rion, one bushel of coal has been found to perform a duty of 
thirty, forty, and even fifty millions." 

Mr. "Wicksteed* says, "As regards the term *duty,' I 
understand it to mean the useful effect, or actual weight of 
water raised by a given weight of coals, the same weight of 
coals also generating a sufficient quantity of steam to work 
the engine and overcome the friction of the pit or pump 
work/' 

It is clear, from these definitions, that the duty is not an 
expression'of the work done, as this would include the power 
to overcome friction and other resistances, but is the actual 
usefril effect expressed in lbs. weight of water actually raised. 

To the enterprise and enlightened spirit which have long 
distinguished the mining interests of Cornwall, we are chiefly 
indebted for those vast improvements, of various kinds, which 
have absolutely increased the power of pumping engines to 
the extent of five times that which they possessed forty years 
ago, when the Cornish engines were first reported. To them, 
also, we are indebted for that valuable series of annual reports 
which have recorded, year by year, the gradual and successive 
improvements of the engines. Mr. Lean, in his historical 
statement of the steam engines in Cornwall — a work compiled 

* Wicksteed's Experimental Inquiry concerning Cornish and Boultou 
and Watt Pumping Engines, p. 32. London, Weale, 1841. 
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at the request of the British Association for the Advancement 
of Science, by the well-known r^strars and reporters of these 
engines — ^makes a statement * which shows, in the clearest 
manner, that the improYements made in the engines of Corn- 
wall, up to 1835, were then saying the country ^80,000 a year 
in coals alone, as compared with the cost of working the same 
engines in 1 814, or twenty-one years before. All the statements 
in Mr. Lean's book are characterised by moderation and truth- 
folness, and appear to be thoroughly worthy of confidence. 

Something more than mere praise and simple admiration 
are due to the labours of the men who quietly and unostenta- 
tiously, without parade of any kind, have been thus steadily 
promoting the substantial and vital interests of their country. 
Without these improvements, and without the exertions of the 
men to whom they are due, it is probable many of the mines 
of Cornwall would have become unprofitable, and must have 
been abandoned, on account of the expense required to keep 
them free from water. 

Mr. Taylor says, in his records of mining, that in early times 

the duty of atmospheric engines was equal to 5 million pounds 

5 X 112 
raised one foot high by a bushel of coals = = nearly 

6 millions for 1 cwt. of coal.* 

During the ten years from 1770 to 1780, it appears that 
Smeaton's atmospheric engines were doing an average duty of 

7 to 11 millions, and that. Boulton and Watt's engines were 
doing about double this amount. About 1785 Boulton and 

* The duty given here and in the following pag^s is always expressed 
in lbs. raised by 1 cwt. or 112 lbs. of coaL In all the earlier reports and 
writings on the subject of duty the unit was a measured bushel of coal, 
which has been variously estimated at 84 to 100 lbs. in weight. It is now 
generally considered, however, that the bushel is equivalent to 94 lbs., but 
both Lean's and Brown's reports now also give the duty reduced to a cwt. 
of 112 lbs. As this standard is more convenient, and will be better un- 
derstood than the other, I have adopted it throughout, and whenever ne- 
cessary in extracting from the old reports, have reduced the duty to this 
standard. 
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Watt introduced the improvemeDt of working steam expan- 
sively in Cornwall, and at this time the duty somewhat in* 
creased, although the steam was not raised to any higher pres- 
sure than before. 

In 1800, when Boulton and Watf s patent expired, the best 
of their engines in Cornwall were doing an average duty of 
about 24 millions. After this time Mr. Murdoch and other 
skilful and experienced agents haying left the country, a great 
deterioration took place in the Cornish engines, and it is said 
that in the following year several of the largest engines with 
63-inch cylinders on Bull's mode of construction were working 
with an average duty under 1 2 millions. Soon afterwards, how- 
ever, owing to the able exertions of Captain Lean, the duty 
began to improve at several of the mines, and the example set 
by these produced a beneficial result also in others. 

The following figures show the regular successive improve- 
ments of the engines as recorded in the earlier years of Lean's 
reports : — 





No. 

of 


Arerage 


Arenge Duty 
of the best 




No. 
of 


Average 


ATerage Duty 
of the bOHt 


Tear. 


En- 
gines. 

21 


Duty, 


Engine. 


Tear. 


En- 
gine*. 


]>tttj. 


EngineM. 


1812 


23-0 




1828 


57 


44-1 


91-4 


1813 


29 


23-2 


31-4 


1829 


53 


49-6 


91-6 


1814* 


32 


24-5 


381 


1830 


56 


51*5 


92*8 


1815 


35 


24-4 


341 


1831 


58 


51-6 


84*6 


1816 


35 


27-4 


38-6 


1832 


59 


52*6 


lOM 


1817 


35 


31-5 


49*5 


1833 


56 


55-4 


100-3 


1818 


36 


30-2 


46-8 


1834 


52 


56-9 


108-1 


1819 


40 


31-3 


47-6 


1835 


51 


56-9 


109 1 


1820 


46 


341 


49-1 


1836 


61 


55-4 


101-6 


1821 


45 


33-6 


50-9 


1837 


58 ) 


559 


103-8 


1822 


52 


34-4 


50 6 


1838 


61 


580 


100-1 


1823 


52 


33-6 


50-0 


1839 


52 


65-4 


92-6 


1824 


49 


33-7 


51-8 


1840 


54 


64*3 


97-2 


1825 


56 


38-1 


540 


1841 


56 


651 


121-3 


1826 


51 


36-3 


53-8 


1842 


49 


640 


127-9 


1827 


51 


38-2 


710 


1843 


36 


71-4 


114-4 



It will be observed, that up to the year 1827, the duty of 
the best engine is seldom more than 50 per cent, above the 
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ayenge daty of all the engines. In 1827, however, the ayer- 
age daty of the best engine is nearly double the general average, 
and in the following year is rather more than double. This 
faicrease was due to the improvements made by Samuel Gkrose, 
and to the introduction of a 90-inch cylinder on WoolTs prin- 
oiple, which performed a duty considerably exceeding that of 
any former engine. In the following' years the duty of the 
best engine never appears to double the average duty, although 
it more nearly approaches 100 per cent, than 50 per cent, in 
excess of this. The duty of the best engine in 1842 appears 
to be the largest ever recorded for any continuous period, being 
nearly 128 millions. This duty was performed by Taylor's 
85-inch cylinder engine at the United Mines in Gwennap. 

The engine* was erected in 1840 by Messrs. Hocking and 
Loam, and was especially intended to work more expansively 
than had hitherto been practised. The boilers were made 
smaller in diameter than usual, and of stronger plate, so as to 
stand a higher pressure of steam, the working elastidty being 
fixed at 40 lbs. per square inch above the atmosphere. Also 
an extra number of boilers was provided, in order to give an 
increased proportion of heating sur&ce, and the strength of the 
working parts of the engiue and machinery was augmented to 
withstand the strain caused by the great force of the steam on 
the piston at the commencement of the stroke. In this engine 
(on a visit being made in 1841) the steam was cut off at about 
one-tenth or one-twelfth of the stroke, thereby carrying out 
the principle of expansion to a greater extent than had ever 
before been attempted, except by Woolf in his combined cy- 
linder engines, where he expanded it above twenty times. 

The following is the monthly performance of the engines 
from Lean's Report for the year 1854 : — 

* Engineer's Pocket Book for 1849. 
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No. of 
Engines 
report- 
ed. 


Ayenge 

Duty. 
Millions. 


Duty of 

best 
Engine. 


1 
Nime of best Engine. 


January 
February 
March . 
April . • 
May . . 
June • . 
July . . 
August • 
September 
October . 
November 
December 


17 
22 
23 
23 
22 
22 
20 
20 
19 
19 
20 
20 


57-2 
54-8 
53-6 
54-8 
53*6 
53-6 
52-4 
52-4 
53-6 
52-4 
53*6 
52-4 


720 
740 
690 
700 
700 
68*0 
650 
720 
770 
750 
740 
730 


Leed's 60-inch. 

MitcheU's 85.inch. 

Penrose's 85-inch. 

Ditto. 

Leed*8 60-iBch. 

MitcheU's 60.incb. 

Ditto. 

Leed's 60-inch. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 


1 AYcrage • 


• • 


53-7 


720 





This Table shows that the dnty of the engines reported by 
Lean in 1854 is mach less than in 1848 and the preceding years, 
the average in 1854 being 58*7 millions against 71*4 millions 
in 1848, and the best engines having only a dnty of 72 mil- 

licois instead of 114 to 127 millions. The table for 1854 also 
shows that all the engines are more nearly on an equality than 
formerly, as the performance of the best is only 34 per cent, 
in excess of the average^ instead of being 50, and even 100 per 
cent., as in some former years. 

I have been informed, however, that the best engines are 
not now reported by Lean, the proprietors of some of the best 
engines not caring to pay the expense of having them re- 
ported, although the duty is regularly recorded for their own 
satisfaction, and for the purpose of comparison with other 
engines. 

The following is the performance of the engines from 
Browne's Reports for the year 1855 :— 




Il win be obscrrcd tfaiit ihe engines reported bj Browne 
work with a eonaideiiblj greater amount of dntj than those 
now reported bj Lean. 

The aremge worldng of Browne's engines is verj nearly equal 
to the hig^iest arenge of finrmer jeais, bat the datj of the 
beat engme is somewhat less than in those years in which 
Taylor's Sd-inch i^linder eng^e was rqiorted. This engine 
does not appear in either of the reports published at the present 
time. Many of the engpbues reported by Browne were con- 
structed from the drawings of Mr. West, md most of the others 
are under his superintendence. 

The following Table contains the monthly duty of each 
engine reported by Browne during the year 1855. It shows 
the small fluctuations in the amount of duty for each engine, 
and the average duty of each during the whole year. 
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COSBUMFHOli OF FUKL. 

of imd bk SD CDgiiie, it is easy 

Far dHnk^ siqipose an engine 

per hour. Tbe effect 

f^Mt of laiaing 33,000 lbs. 

33.000 X 60 = 1,980,000 lbs. 

Tins Rsult is produced by a 

dicda^fiv Icwt-ofcoalis 

1.980,000 X 112 




m : 1,980,000 : : 112 : 



Hence we bare dns mk: Diride 221,760,000 bj the cod- 
■ om p ti iiB of coal per bone power per hovnr, the qnotient is the 
dutj of the engine cxymwd in lbs. raised 1 foot high by 1 
cwt. of coal. The foDowing table is caleiikted to show the 
duty of engines consmning finom 1 to 12 lbs. of coal per horse 
power, per hour. 



CsMMnptiflB 
of Coal per 

bono powcf 
perbMr. 

no. 


DvtjiBllM. 
taiMdlfeothi^ 
b]rleirt.ofooii. 


Cmmmm6on 


Dstjinlbo. 
ndoed 1 foot hi|db 
bylewt^ofooiu. 


ofCoidper 

Bono power 

per hour. 

Dm. 


1 
2 
8 
4 
5 
6 


221,760,000 
110,880,000 
73,920,000 
55,440,000 
44,352,000 
36,960,000 


7 

8 

9 

10 

11 

12 


31,680,000 
27,720,000 
24,640,000 
22,176,000 
20,114,545 
18,480,000 



Put D =s duty in millions of lbs. raised 1 foot high per 

minute, 

22176 
Then — p- — = lbs. of coal per horse power per hour 



Also 



22176 X 365 x 24 19426176 



2240 



2240 



=r 867 



867 



Then -^ » tons per annum for each horse power. 
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Duty op Condknsino Snoinss, fbom Houghton's Rxpokt on 

Detroit Watkrworkb, p. 12, and othxr Sourcks. 

MiUionturibs. 
raised 1 ft. high 
by 1 ewt« of com. 
East London Wftterworks, single acting Cornish 

Engine, 1036 105*7 



Ditto ditto, Boolton and Watt . 

Haarlem Mere, Holland .... 
Average of 36 Cornish Engines, 1843 • 
Cincinnati direct action .... 
Buffalo Cornish Bull Engines, 1852 . • 
Boulton and Watt's non-expansiye Rotatiye Engine 

Albion Mills, London, 1786 • • , 
Spring Garden, Philadelphia, 1832 
United States Dry Dock Engine, Brooklyn . 
Non-condensing 30.inch Cylinder Engine at King< 

ston. United States 

40-inch Cylinder Condensing Engine at ditta 



46*6 
89*4 
71*5 
53*6 
37*0 

25-8 
24*6 
22-4 

9*8 
28*7 



DUTT PKRFORMXD BT VARIOUS OTHKR EnO|NX8. 

Direct Acting Non-condensing Engine at Tettenhall 
Station of WoWerhampton Works, using small 
Staffordshire coal , . . . . . 17*9 

Cornish Engine at Goldthom Station ofWolverhamp- 
ton Works, using small Staffordshire coal . . 27*5 

Grand Junction Waterworks Engines in 1849 . 46*8 

Southwaik and Vauxhall Engines in 1849 • • 69*6 

Beardmore's Exemplar Cornish Engine . . 83*4 

Beardmore's Duty of Cornish Engines at London 
Waterworks 56*25 

Fowey Consols 50-inch Cylinder Engine of 103 
horse power, experimented on by Mr. Wicksteed, 
and worked at a power of 2&| horses . . • 130*2 

Holmbush 80-inch Cylinder «* 251 horses, worked 
at a power of 62 horses 122*4 

Estimated duty of 72-inch Cylinder Condensing En- 
gine for Brooklyn Works 35*5 

Engines at the East London Works in 1850 from 
Mr. Wicksteed's evidence . .... 63*8 

Engines at the same works before the use of the 
Cornish Engines • 26*t 
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Avenge daty of Connh ^bpacs ftoHi Lem t Be- 

porter, 1854 53*7 

DotfofthebcstBiigiMftoBAto 77-0 

Avenge doty of Connli BBf^ae^ BnmM's Shorter 

1855 69-7 

Doty of the bertEngiBefinmi ditto . 101*4 

I shall now inTite attention to two remarkable statements 
which have been made with reference to the dutj of Cornish 
eng;inet by two writers who hare both contributed much valu- 
able information on this interesting subject. The first is a 
statement bj Mr. Lean in his work already referred to — 
''That the duty of the best pumping engines in Cornwall far 
exceeds what could be effected, were it even posdble to apply 
the force of the steam immediately to the water, unencum- 
bered by the friction and imperfection of machinery, or the 
loss arising from accidental condensation/' The other state- 
ment is made by Mr. Pole in his valuable treatise on the 
Cornish engine, and is to the effect that the steam generated 
in the boilers of the Cornish engine is capable of performing a 
much higher duty than that which has ever been reported of 
any engine. Thus he shows that when the steam is cut off 
at one-sixth of the stroke, and the steam expanded through 
the remaining five-sixths, a motive power is produced which 
is capable of raising 154,000,000 lbs. 1 foot high, by the con- 
sumption of 94 lbs. of coal ; and that, with eight times expan- 
sion, a motive power is developed equal to 170,000,000. Now 
although these two statements may appear at first sight at 
variance with each other, we shall find on examination that 
this is really not so, but that in fact they are perfectly con- 
sistent one with the other. 

Mr. Lean's statement is founded on the quantity of work 
which the steam will do when worked altogether without ex- 
pansion ; and doubtless if we calculate the motive force deve- 
loped by the steam when used at a simple initial pressure 
without expansion, we shall find it much less than that which 
ts really produced in the Cornish engine. 
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Mr. Lean shows, from actaal recorded measurements and 
observations made dnring six months at the United Mines, that 
100 lbs. of coal will convert 15 cubic feet of water into steam, 
and that 500 cubic feet of steam, at a pressure of 50 lbs. on 
the square inch, are generated from each cubic foot of water.* 
It follows that 100 lbs. of coals would produce 500 x 15 =s 
7500 cubic feet of steam at a pressure of 50 lbs. Hence, *' if 
the steam could be applied immediately to the water at the 
bottom of the pump without loss hj condensation, while a per- 
fect vacuum was constantly maintained at the top, the weight 
lifted 1 foot high by the consumption of 100 lbs. of coal, 
would be 7500 x 144 X 50 = 54,000,000 lbs. : while the 
duty of the best steam engines in Cornwall (although encum- 
bered by much machinery) has been known to exceed double 
that number." He then proceeds to show that the steam 
when worked expansively developes a great addition of power 
beyond that which is due to its first action on the piston at its 
full pressure. The mode of calculating the increased effect 
due to the expansion of the steam when cut off at various parts 
of the stroke, is explained in a very simple and familiar man- 
ner, both by Mr. Lean and Mr. Pole. It is also to be found 
in many books of a more popular character, where a small 
table of hyperbolic logarithms is inserted for the purpose of 
making the necessary calculation. It would be going beyond 
the limits of this work to enter on this subject, and we must 
be content, therefore, with referring to the scale at page 284, 
which shows the efficiency of an engine at different degrees of 
expansive working. 

If then the steam admitted at full pressure during the whole 
of the stroke produce an effect of 54,000,000, it will produce, 
when cut off at any part of the stroke, an etitect equal to 

* This experiment on the evaporative power of coal agrees remarkably 
with those made by Mr. Wicksteed at the East London Waterworks. 

Thus nn -^ "^ ^'^^ ^^^' ^^'^^^ evaporated by each lb. of coaL Mr. 

Wicksteed found that the best Welsh coal would evaporate 9*493 timea 
its own weight of water. 
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54,000,000 multiplied bj the corresponding nnmber in thf 
abore scale. Thus, if cnt off at one-fifth, the effect wiU be 
54 X 9-609 = 141,000,000. 

Mr. Pole takes np the subject jnst where Mr. Lean leares 
off, and shows that the effect due to the steam when worked 
expanaifely, is much greater than that ever reported as the 
duty of any Cornish engine whatever. 

He takes fbrezample a cylinder 70 inches in diameter, to which 
ateam of 45 lbs. pressure is admitted during one-sixth of the 
stroke. Using the hyperbolic or Naperian logarithm of 6, in 
the same way * as already explained, he finds the effect which 
would be dereloped by steam worked at this rate of expansioii 
is 154,000,000; and in a similar manner he finds that when 
cut off at I of the stroke the effect produced is 1 70,000,000, 
and with ten times expansion the effect would be 1 80,000,000. 
According to Mr. Lean the effect produced by expanding six 
times would be 54 x 2*792 = 151,000,000; at eight times, 
it would be 54 X 3-079 = 166,000,000; and at ten times, 
54 X 3*303 = 178,000,000. The shght difference between 
the two is accounted for by Mr. Pole assuming the relative 
density of water and steam at 45 lbs. pressure as 1 to 608, 
whereas Mr. Lean takes the relative densities at 50 lbs. pres- 
sure as 1 to 500. The densities being inversely as the pres- 
sures, if one cubic foot of water expands into 500 feet of steam 

500 X 50 
at 50 lbs. pressure, it ought to expand into -rg = 556 

cubic feet at 45 lbs. Mr. Pole's rate of expansion is taken 
from De Pambour's tables in his Theory of the Steam Engine. 
On the whole, it agrees remarkably well with the experiments 
described by Mr. Lean at the United Mines ; and the state- 
ments made by the two authors we have quoted, must be hel^ 
essentially to confirm each other. 
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COST OF BAISING WATEB BT BTEAU POWEB. 

Mr. Wicksteed has recorded the fact, that the expense of 
pamping by Cornish engines at the East London Waterworks 
is '150 pence per 1000 gallons raised 100 feet high. This is 
equal to 150 pence, or 12«. 6d. for a million gallons raised 
100 feet high. 

According to some recent retnms by Mr. Duncan, engineer 
of the liiverpool Waterworks, the cost at the most expensive 
of their pumping stations — ^namely, at Hotham Street — was 
nearly £4 for a million gallons raised 100 feet ; but at Windsor 
station the cost was only l&s. Id, per million, and at Green 
Lane only 15^. 9d. per million. As these two are the only 
establishments that have really good engines and machinery, 
it is, perhaps, only fair to reject the others, and take the mean 
of these two. This, accordingly, is 16«. lid,, or say 17^. per 
million gallons raised 100 feet high. 

The work done by the engines of the Wolverhampton 
Waterworks Company is equal to raising annually 426 million 
gallons 100 feet high ; and the cost of this, in a district where 
coal is exceedingly cheap (only about 7$, ^d, per ton), appears 
from the Company's published accounts to be about £750 
a year, or about 85«. per million gallons. This is double the 
cost of the same work at Liverpool. 

The East London Company, according to a return made 
to the General Board of Health, used in ^1849 a quantity 
equal to 2,121^ tons of coal at 10^. 6d, per ton delivered, and 
employed an average steam-engine power of 872-6 horses, 
working 12 hours per day. 

„ 2121-6x2240 «„„ , , 

Hence 872-6x12x865 '^^'^ ^^®* -P®' ® ^^^®' ^^^ "' 

The Southwark and Vauxhall Company in 1849 employed 
four engines, whose united power was equal to 866 horses, 
and the coals consumed amounted to 8 tons per day on the 
average of the year. This is equal to nearly 8 cwt. per day 

p2 
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for each hone power. The eoal had. cost for some yearg 
ISf . Sd, per ton, hnt in 1849 the coal was only 10^. per ton. 
Sopposing the whole supply of this company pnmped over 
thdr fltand-inpey whieh is 185 feet high, the quantity in 
millions of gaUons raised 100 feet high will he 

jj^ — =4y061 millions raised 100 feet high. 

The coals nsed for this are 2,920 tons, costing £1,460, ot 
only ahont 7«. for the coals used to raise one million gallons 
100 feet high. If we add to the cost of the eoals the 
large sum of iSl,000 for labour, repairs, oil, tallow, wear 
and tear, &e., we shall have the whole cost of a million 
gallons only 12». 

The establishment of the Sonthwark and Yanxhall Com- 
pany, under the able and skilful management of Mr. Quick, 
compares very fftvoorably in point of economy with any 
other that can be cited. The dnty of the engines i^pears, 
from the preceding figures, to be very nearly 70 million lbs. 
for 1 cwt. of coal, the coal consomed being barely B Iba. per 
horse power per hoar. This work and the East London, 
according to the information now before us, appear to be 
about on a par as to economy of working. 

The Grand Junction Company in 1849 lifted 1,289 million 
gallons, the greater part of it passing over a stand-pipe 218 
feet high, and consumed 8,170 tons of coal, which cost 
£2,285. 

Hence 1?§?^^1§= 2,810 milUon gaUons 

raised 100 feet high at a cost of rather more than 16«. per 
million gtdlons for coals alone. Adding, as before, £1,000 
for labour, &c., the cost per million gallons raised 100 feet 
high would be rather more than 28«. per million. This is 
considerably higher than the cost either in Liverpool, East 
London, or Seuthwark and Yauxhall, but is in some measure 
accounted for by the higher price paid for the coal. 
The following estimates of working expenses are taken 
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from Mr. Hack's evidence before Mr. William Beckett's 

Committee in 1852 : — 

Estimate for working 100 horse power engine at Hamp- 

toDy for the West Middlesex Works : — 

£ i, d, 
3| tons of Welsh coal per day= 1,277] tons per 

ftnTnim, at 26«., in the stolre-holo . . 1,660 IS 
Two engine workers, two stokers, and two la- 

bonrers, at £9 per week . • . • 468 

Tallow, oil, hemp, and sundry stores. . . 150 

Bepaixs to engine aad boiler, and wear and tear 100 

£2,378 16 



The work to he done here is to ruse 4,000,000 gallons a 
day 46 feet high, which is equal to a power of 89 horses 
working during twenty-four honrs; so that the annual 
cost is abont £61 per horse power of actual work* 

The cost per million gallons raised 100 feet high will he 
very great, according to the above estimate : thus, 

i21^^=:671-6 miUions raised 100 feet high, 

671-6 ^ »«»iyt 

for each million gallons raised 100 feet high. 

Both this and the following estimate by Mr, Hack are 
evidently extravagant. It should he observed that these are 
not in the same category as the estimates usually brought 
by engineers before parliamentary committees. The object 
here was not to show the committee how cheaply the work 
could be done, but rather to impress them with an idea of 
the great sacrifice which the West Middlesex Company was 
going to make for the public benefit by removing their 
works to Ebunpton, and erecting an additional engine at Bar- 
row HilL No one can iiEul to be struck with the amount put 
down in these estimates, both for coals and labour. 

Estimate for working a 75 horse power engine for the 
West Middlesex Works at Barrow Hill :— - 
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Coals, 70 H.P. X 24 X 4 Ibfl. per H.P. per hour, 
*3 tonB 4 cwt. 1 qr., say 3j toziB per day, at 
24«. per ion^£^ 18«. ; and this for 365 
oays •••••• 

Two engine workers, at 40«. per week 

Two stokers, each at 26#. per w^k . 

One labourer and engine cleaner, at 21«. 

Tallow, 10 lbs. per day, at 6d. . 

Oil, 1 pint per day » 46 gallons, at 5$, 

Yam, hemp, flax, and sundry stores . 

Wear and tear of maohinezy • • 



£ a. £ 





, 1,423 10 







208 







. 135 4 







54 12 







91 5 







11 10 







25 







50 







£1,999 1 






or aboat £26 10$, per horse, reckoned on the foil power of 

the engine. 

867 
Using the formola (see page 810) to derive from the 

duty the eoals eonsamed per annnm for each horse 
power, I find that the smallest consumption of coal in any 
engine reported by Browne in 1855 was at the rate of 
8 tons 16 cwt. for each horse power of actual work. This 
is the consumption by Austin*s 80-inch cylinder engine at 
Fowey Consols. The largest consumption by any engine in 
the same report is 20 tons 9 cwt. per annum for each horse 
power ; and the average of the whole fifteen pumping 
engines is 12 tons 9 cwt., or a little more than a ton per 
month for each horse power. The coed used by the Cornish 
engines is understood to be the best Welsh coal, capable of 
evaporating from 9 lbs. to 10 lbs. of water by each pound of 
coal. 

Let us examine for a moment the expense of the best 
Cornish engine as compared with the worst. Taking an 
engine working at 250-horse power, and assume that the 
cost of labour, oil, tallow, and small stores is the same for 
;each, but that the difierence is in the coal alone, and assume 
the latter to cost 16s. per ton. According to the above 
figures, we have the worst engine costing for coed alone 
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'2dOx20-9=s6112 10, atl6i. . 

And the best, 260 X 8*16 = 2200, at 16f. . 



* 0. A 

4»140 
1,760 



Annnal diffezenoe agaiiut the wont engine £2,380 

The true expense of an engine is the ori^al price added 
to its annual cost capitalized, say at twenty years' pnrcliase. 

Suppose each engine to have cost onginaUy £25,000, then 
we have the following comparison :-^ 

W0B8T ENoncB. 



Original cost • • • • • 
Annual expensee, 4140 X 20 • « 

BsBT EiroixrB. 

Onginal cort • • • • • 
Annnal expenses, 1760X20 



M 
26,000 
82,800 



25,000 
35,200 



TcltaL 



107,800 



60,200 

£47,600 



Difference in fiivoor of (he beat engine • 

80 that the one engine will cost la the end more than 50 
per cent, above the other. 

Many comparisons of a similar nature might be made ; 
bat the above is sufficient to draw attention to the fact of 
the immense consequence involved in what is called the duty 
of an engine and its corresponding consumption of coal. 

The following table shows the quantities of oD and tallow 
used for eleven Cornish engines during the year 1855, com- 
piled from " Brown's Engine Reporter " : — 



ATerage Hoxm 

Power em- 

filoyed* 


Oilcoiuniiiied 


TaUowcon- 


Oilnaedper 
hone power, 


Tallow naed per 
horse power, 


in quarts* 


Bomed in lbs. 


perannvm^iift 
quarts. 


per annum, 
in lbs. 


33-6 


64 


767 


1-9 


22-8 


140-5 


329 


3994 


2-3 


28-4 


1691 


351 


2886 


2-1 


171 


77-6 


104 


1560 


1-3 


20-1 


33*3 


51 


920 


1-5 


27-6 


124*6 


240 


2450 


1-9 


19-7 


76-5 


98 


980 


1-3 


12-8 


81-5 


86 


1963 


11 


241 


111-8 


137 


2000 


1-2 


180 


49-3 


109 


1620 


2-2 


32-9 


37-3 

1 


105 


540 
Average 


2-8 


14-5 


1-8 


21-6 
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Hence it appears that the consninption of oil by the 
Cornish engines is equal to about 1*8 quarts per annum for 
each horse of working power, and that the consumption of 
tallow is equal to 21*6 lbs. per annum for each horse. 

In order to show how this mode of calculation will work 
out, and to compare it with the known expense of raising 
water at certain establishments, let us take the case of a 
150 horse power engine, working night and day throughout 
the year, and compute ever3rthing at the most moderate 
price possible. The annual working cost of such an engine 
will, on the preceding data, be about as follows : — 

Estimated expense of 150 horse power Cornish engine, 
taking coals at 10s. per ton :— - 



150 X 12 =r 1800 tofu of coal at lOf. 
Wages, Bay £9 per week, for 52 weeks 
Oil 150 X 2 =: 300 quarts at U, 6d. . 
Tallow 160 X 22 3=3300 lbs. at 6J. . 
Yam, hemp^ flax, &0. • • • 



£ 9. 


eL 


900 





468 





22 6 





82 10 





50 





£1522 15 






Work 150 X 88,000 =r 4,950,000 lbs. raised one foot high 

. . 495x1440x865 « uao ir n 

per mmute, or = 2,602 miluon galloiWf 

1523 
raised 100 feet high in a year, then :;rru^ = ll'« Sd, pel 

2&0US9 

million gallons, the price at Liverpool being 16«. according 
to Mr. Duncan, and 12». 6d. at the East London Works 
according to Mr. Wicksteed. Of course, if we take the pxiee 
of coal at a higher rate than 10s. per ton, the cost of pump- 
ing will be proportionately increased. There are few places 
in the kingdom where coal of such quality as that used in 
the Cornish engines can be procured for 10s. per ton ; and if 
we ha%'e an inferior coal, of course the consumption will be 
more than has been assumed in the above calculation. 
It is remarkable that the average duty of the Cornish 
ues, as reported by Browne for the year 1855, and on 
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wbicli the preceding calcnlation is founded as to eonsump- 
tion of coaly corresponds almost exactly with what was 
understood to be the duty of the best pumping engines 
then employed at the London Waterworks — ^namely, about 
70 millions. It will not be safe, therefore, in calculations 
for waterworks engines, to reckon on a higher duty than 
this : and as a consequence, it must be assumed that the 
GODsamption of coal, equal in quality to that used in Corn- 
wall (namely, capable of evaporating about 9 times its own 
weight of Water), will be about 12 tons per annum for each 
horse power. 

The following estimates of working expenses were made 
by Mr. Hocking for the Wolverhampton Waterworks, in 
which the quantity to be pumped was 1^ million gallons a 
day. 

The estimate was required in two forms, namely for rais- 
ing li millions in 24 hours, and in 12 hours. In either 
ease however a part of the work was to be done in 6 hours, 
namely the pumping of the whole 1^ million gallons a height 
of 22 feet on to the filter-beds. For this Mr. Hocking 
recommended a 86-inch cylinder engine and a d8-inch pump ; 
stroke of engine and pump each 9 feet, and 9^ strokes per 
minute. The other two lifts 299 feet and 148 feet, making 
together 447, exclusive of the friction through the pumping 
main, which v^as estimated at 15 feet additional for each 
lift supposing the work done in twenty-four hourd^, and at 
four times this quantity or 60 feet, supposing it done in 
twelve hours. 

Eor one of these stations Mr. Hocking recommended a 
60-inch cylinder engine and 19-inch pump, with 10 feet 
stroke for each, and making 8} strokes per minute. For the 
other station he recommended a 45-inch cylinder engine and 
19-inch pump ; length and number of strokes as before. 
This was for doing the work in 24 hours ; if to be done in 
12 hourSi the engines and pump were to be in duplicate. 
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Hb. Hockiwo's EsTiMAn. 





1| minion gallons 
in 14 boon. 


1| ndnioB gBDoos 
in 12hoiin. 


One 36-incli cy- 
linder and 38- 
inch pmnp. One 
60-inch ditto,and 
19-inch pump. 
One 45-inch cy- 
linder and 19- 
inch pump. 


One 36-inch cy- 
linder and 38- 
inch pump. Two 
60-inch cylinders 
and two 19-inch 
pumps. Two 45- 
mch cylinders 
and two 19-inch 
pumps. 


Coet of Ennnes and Pumps . 
„ Buudings . 


£ 
13^00 
7,600 


£ 
21,800 
10,800 


20,800 


32,600 


WBBKLT WOBKnrO BZPBNSB8. 

Goal at 8«. per ton 

Enginemen 8 wages 

Firemen's wages . 

Occasional assistance . 

Tallow, oil, hemp, and 7am 
for packing, waste and small 
stores • • • • 

Per annum . • • . 


£ $. d. 

16 8 
8 10 
3 16 
1 10 

3 10 


£ «. d. 

20 
8 
2 
2 

4 18 


33 U 


36 18 


£1752 8 


£1918 16 



The work to be done for raismg the water in 24 hoars is 
equal to 158 horses, and for raising it in 12 honrs about 
168 horses ; so that the annual expense per horse power in 
the one case is about dBll 2s. , and in the other £11 15s, 

The price is also rather less than lbs. per million gallons 
raised 100 feet high when the work is done in 24 hours, 
and about 18«. 2d. when the work is done in 12 hours. 
These results agree remarkably with the price of pumping 
given by Mr. Wicksteed for the East London Works, namely, 
128. 6d. per million gallons, and also with the eost of pump- 
ing at other well-managed establishments in London. 

The cost of working engines of course will vary with the i 
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price of eoal, which may range even for the same qaality 
from 7«. to 80«. per ton. The price of labour, oil, tallow^ 
yam, &c., will also influence the working expenses. The 
nsnal price of oil is from 5$. to 6<. per gallon, and that of 
tallow 6^. to Id. per lb. 
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WATERWORKS OBTAINING A SUPPLY FROM 
RIVERS AND STREAMS. 

Some of the prineipal toTms in this eonniiy are supplied 
from the rivers in their immediate neighbourhood. 

The daily supply to the metropolis now exceeds 100 mil- 
lion gallons, and about one-half of this quantity is pumped 
by five companies from the River Thames. The remaimng 
three companies supply as follows : — 

The New Biver Company, from the Biver Lea about 15 miL gals. 

,f „ from wella and spiingB . 9 „ 

rhe East London Company, from the River Lea . 20 ,, 
The Kent Company, from chalk wells • . . 6 „ 

50 

So that about 86 million gallons, or 85 per cent, of the 
whole, are supplied from rivers. 

Amongst the principal towns in England which derive the 
greater part, and in most cases the whole of their supply 
from rivers, are York, Penrith, Darlington, Newark, Derby, 
Nottingham, Chester, Worcester, Norwich, Exeter, and 
Plymouth. 

The South Staffordshire Works afford an example of a 
modem work on a very large scale taking a supply from a 
river. The works are designed to afford water to a con- 
geries of towns grouped together in South Staffordshire, 
forming what is called the Pottery District. 

The system of pumping water from rivers has also been 
much adopted in many foreign works, especially in France, 
Piussia, and the United States, 

Much has been said in favour of a supply from large 

'ers on sanitary grounds. The water is usually softer 
n that derived from wells, springs, and small streams, 
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And contains a less amoimi of minenl salts than dthar of 
these, at the same time that it is commonly more impreg- 
nated with organic matter. A large river flowing over 
many geological formations and many different varieties of 
Boils, may he naturally expected to take op in solution a 
variety of mineral matters, and therefore to present a greater 
number of ingredients than water derived from a more 
limited area ; and this we generally find to be the pectdiar 
character of river water. 

It seldom happens that the water of a large river can be 
made available to supply a town by gravitation. Bivers 
usually occupying the lowest levels of a country have in 
most cases to be pumped to a considerable height, and it 
seldom pays to take the water at a point so far above the 
town that it will flow by gravitation, without the necessity 
for pumping at all. 

So small a proportion of the New Biver water now flows 
by gravitation to the New Biver Head, that we shsdl not be 
fsa wrong in saying thai the whole supply of the metropolis 
— about 100 million gallons a day — is now pumped to a 
height of 200 feet, in order to afford sufficient pressure for 
the supply of London. 

VOLUME OF BIVBBS. 

The volume of water carried off by rivers is exceedingly 
various, depending on many conditions, such as the basin 
which they drain, the rainfall, the nature of the soil over 
which they flow, &c. In the larger rivers of England the 
volume of water is so great as to render them adequate 
to supply any quantity likely to be required for many 
years to come by the whole population seated on their 
banks. From 800 to 860 million gallons per day may 
be taken as the lowest summer discharge of each of the 
three principal rivers in En^and, the Thames, the Se- 
vern, and the Trent, and there are several others which 
nearly approach this quantity. Of course the discharge in 



OF miTsms. 




gntter. The followiog 

by Mr. Beardmore, 

of Tuioiis men, streams, and 

by wmj immfdiate rain. The table 

wKthl paitiealars, as the geolc^cal 

flow, their height above 

vbidi their total discharge bears 

and the proportion which the 

to the total rain- 



DncBAmsB or tabious Rrvsas, 
u umFma wcBP bt ant imiikdiatk 

AKB AmOUIIT BUK OFT THE 

Rain. 



VtBtj, tBSL 



I" 






Jo- 



^„i 



12 § 



CM 






< B 5 



•sii: 

o 



o 



enbie ft. enbieft 



miBnte. 



40 to 700(3,086 40,000 

33,111 



ifTtiifi flnH,^ 
•ud« QxliDnl dsf , ooGtoir&e. . 
Sercn, at Stof ticwcti fiflmiaa !|400to2,600|3»900 
Tmit, at hs 1 

Loddon (Feb. 18M), gracBaaad JllOto 700|a21*8 
Nene, at Peterboiw^i— oolitei, 

Oxford day and liaa 
Mimram, at Panshanger — dialk 
Lea,at Lea Bridge— chalk. (Bennie, 

April, 1796.) 



per 
nSinnteliiiciiet. 



200to 500 



Waadle, below CanhaHon— chalk 
Medwaj, driest seasons (Rennie, 
1787)--clay . . . . 
Ditto, ordinaiy summer nm (Ren- 
nie, 1787)— day . 
Vemlam, at Bnshey Hall — chalk . 
Oade, at Hnnton Bridge — chalk 
Plym, at Sheepstor — granite 



10 to 600620-0 



29*2 



30 to 600570*0 
70 to 350 41*0 

481*5 



150 to 50<^ 
150 to 500 
800 to 1,500 



481-5 

120-8 

69-5 

7-6 



3,000 

5,000 
1,500 

8,880 
1,800 

2,209 

2,520 

1,800 

2,500 

500 



12-98 
8-49 



13-53 

8-45 
51-4 

15-58 
43-9 

4-59 

5-23 
14-9 
36-2 
71-4 



2-93 
1-98 

• • • 
301 

1-88 
11-58 

3-53 
9-93 

1-04 

219 

3-37 

819 

1510 



india. 
24-5 

• • • 

• • • 

25-4 

23-1 
26-6 

• • • 
24 



45-0 



Some of the results in this table are yery striking, and are 
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worthy of obserration. It appears the Thames, the SeYem* 
the Loddon, the Medway, and the Nene, which flow over a 
great yariety of surface, many of them little absorbent, all 
carry off in the middl^ of summer less than one-eighth part of 
the airerage annual rainfiiU. Contrasted with this are two 
chalk rirers, the Mimram and the Wandle, which each dis- 
charge at lowest summer level nearly half the total average 
rainfall. This shows yery clearly the influence of the springs 
by which such rivers are mainly fed. Rivers flowing in a clay 
basin are only fed by the rain falling within the actual basin ; 
and as this rain evaporates very slowly in winter and very 
rapidly in summer, such rivers are subject to great winter 
floods and to severe summer droughts. The flow in chalk 
districts is, however, much more uniform, because the rivers 
are fed by springs as well as by surface drainage ; hence the 
water stored up in subterranean reservoirs is dischai^ed by 
chalk rivers even in the driest seasons. In fact, they draw 
their supplies from areas beyond their actual basin, and their 
discharge is mudi more uniform throughout the year than in 
most other rivers. 

It is probable that the two other chalk rivers in Mr. Beard* 
more's table, namely the Yerulam and the Gade, are not so 
largely fed from springs as the Mimram and the Wandle, the 
summer discharge of these not much exceeding that of the 
day rivers. 

WORKS OBTAININO A SUPPLY FROM DRAINAGE AREAS. 

There are certain geographical and physical considerations 
connected with this subject which it will be proper to allude 
to before noticing some of the most remarkable works of this 
kind. A flat, low-lying country is seldom well adapted for 
the impounding of water by embanking across the valleys. 
In such a district long and shallow embankments would be 
required, and these wonld cause the water to spread out over 
a great area with a very shallow depth. Under these circum- 
stances the water is apt to vegetate and become highly impure. 
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Again, in the low-lying disUicts of flat countries the Tainfall is 
seldom nearly so great as in upland districts^ so that much 
larger drainage areas must be sought. The maJber power is. 
also much more Taloable as the falls of rivers become less, and 
a much larger compensation is claimed by millers for the water 
abstracted for economical purposes. 

Nearly all these conditions are reversed in the elevated dis- 
tricts and among the older rocks, considered geologically, in 
contrast with those of the secondary and tertiary formations. 
It follows from these considerations that most towns situate 
in low and flat districts are supplied from neighbouring rivers, 
while those in more elevated districts, such as the great manu- 
facturing towns of Yorkshire, Lancashire, and sojne in Scot- 
land, are chiefly supplied from water impounded by embank- 
ments across the valleys. 

In addition to the general configuration of the valleys, which 
ought to be deep, and with precipitous sides flanked by lofty 
hills, there are several other points which require attentive ex- 
amination in projects for collecting water from drainage areas. 
These are, 

1. The area of the watershed. 

2. The geological character of the soil as affecting its capa- 
city to absorb rain and to allow the infiltration of water through 
it. 

3. The character of the surface soil or covering of the dis- 
trict, as affording soluble ingredients, which may be taken up 
by the water and serve to contaminate its quality. In this 
point of view districts of decomposing peat, districts of arable 
agricultural land richly manured, and places thickly covered 
with population, are often highly objectionable. 

4. The rainfall of the district, and especially the minimum 
fall in any one year. 

5. The nature of the surface soil as affording facilities for 
procuring puddle and constructing retentive reservoirs. 

6. The consideration of compensation to millowners, and 
possibly to landowners, where the water is used for irrigation. 
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Thegeological stractnre is extremelj important in estimating 
the capacity of a drainage area. It is not alone the rain which 
falls on the sloping surface of the hills and finds its way hy 
gravitation to the lower levels, hnt the effect of springs is also 
oflen very great in augmenting the quantity of water. Mr. 
Beardmore relates an instance where an oolitic district was 
found discharging a very large volume of water with scarcely 
any drainage area lying ahove or beyond it. In this case the 
porous strata, with a very small dip cropping out on the 
sides of the valley, were delivering the water which filtered 
into them far beyond the limits of the drainage area, as indi- 
cated by the levels of the surface. In fact, many districts will 
be found to have a geological drainage area as well as a surface 
drainage ; and it oflen happens that the former is far the most 
important of the two. 

Many drainage areas are also valleys of elevation, in which 
the strata dip in opposite directions on opposite sides of the 
valley. In this case it is evident that much of the rain failing 
on a porous surface will insinuate itself between the partings 
of the strata, and flow off in a direction contrary to that of the 
surface drainage. In this case we shall have the converse of 
that quoted by Mr. Beardmore, namely very large drainage 
areas yielding a very small volume of vrater, and therefore very 
inadequate as storage ground. 

In the actual examination and investigation of drainage 
areas every possible case will be found. Some will yield 
only the quantity due to the surface drainage, and will 
be uninfluenced by springs either one way or the other. 
Some will yield in addition spring water which has been 
absorbed within the true drainage area, and other districts 
will yield spring water from a more distant drainage. A 
fourth watershed will jdeld far less than the quantity due 
to its own area and slopes, owing to the peculiar dip of 
the strata, a peculiarity which has been already alluded to. 
All these points require accurate and minute investigation 
in every special case. Nor is this suflRcient. The actual dis- 
charge of water by the streams must be gauged day by day 
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for several yean, and compared with the indications of a rain 
gaogCy kept as near the site of the drainage area as possible. 
If the quantity of rain which has fidlen during a series of years 
be known, it is not essential to have the streams gauged during 
each of those years. The gauging of one, two, or three years 
may be sufficient to establish the proportion between rainfall 
and actual discharge. This proportion must then be applied 
to the minimum rainfall in any one year in estimating the capa- 
bility of the reservoir. 

It will be seen in the foHowing table, chiefly taken from Mr. 
Beardmore*s valuable work, which has been so often alluded 
to, how variable are the proportions which obtain between the 
whole rainfall and the available quantity which can be collected 
in storage reservoirs. 







Depth of nin 








per annum 


Proportion or 




Registered 


flowing oiF the 


percentage of 
rainfall which 


NAME OF DRAINAGE AREA. 


nunfall 


suifeceasas- 




per annum. 


certainedby 
gauging of the 


flow* off the 






sozfiiee. 






streams. 






inchec. 


inches. 


pereent. 


Bann ReserToirs (moorland) 


72- 


480 


66 


Greenock (flat moor) • . . 


60* 


410 


68 


Bute (low country) . 




45-4 


23-9 


53 


Glencorse (Pentland Hills) . 




370 


22-3 


60 


Belmont (moorland) 1843 , 




63*4 


50-7 


80 


1844 , 




500 


33-3 


67 


1845 . 




550 


41-2 


75 


1846 . 




49*8 


33-2 


67 


Riyington Pike . 




55-5 


24-25 


44 


„ from Stephenson's 








Report (1847 & 1848) . . 


63*6 


400 


63 


, Torton and Entwistle 1836 . 


46-2 


410 


89 


1 „ ,1 1837 . 


48-2 


390 


81 


Ashton 


400 


15-5 


39 


Drainage areas on south side ofl 




ri5-5 


29 


Longridge Fell, near Preston, > 


54- 


i 180 


33 


May 1852, to April 1853 J 


• • • 


L220 


43 


Bateman's Evidence on the drain- 








age area of Longdendale . 








First half of 1845. very dry . 


21-2 


13-5 


64 


Second half of 1845 . . 


38-6 


27-25 


71 


First half of 1846 . . . 


22-5 


17-5 


78 


Oct., Nov., & Dec., 1846 . . 


102 


8-67 


85 



DRAINA6X AREAS. 881 

The praportion appears to range from one-third to four- 
fifths of the whole rainfall. 

The precedmg tahle represents the depth of rain falling per 
annum on certain drainage areas, and in the next colomn the 
depth of rain which will produce the actual quantity flowing 
in the streams and rivulets of the district. The difference 
between the two depths in each case ia composed of the fol- 
lowing: 

1 . The loss by evaporation and the moisture entering into 
v^etable life. 

2. The amount absorbed by the soil, smking into the 
ground, and not afterwards given out by springs within the 
drainage area. 

The third column of the table shows the percentage of the 
whole rainfall which can be collected. 

Mr. Hawkesley is said to have made experiments on an 
area of 100 square miles, which showed that 43 per cent, of 
the whole rainfall could be collected in reservoirs. 

Mr. Stirrat found, as the result of three years' experiments 
at Paisley, that 67 per cent, of the whole rainfall could be col- 
lected and detivered in the town. 

Some very accurate experiments were made in America, to 
ascertain the proportion between the rainfall and the depth 
which could be collected to supply the reservoirs of the Che- 
nango Canal. These experiments were made in Madison County, 
New York. 

One ^cperiment was made on the watershed of Eaton Brook, 
an area of 6,800 acres, with a steep slope, and a compact soil 
underlaid by hard greywacke rock, elevated 1350 feet above the 
sea. The quantity of water flowing off this drainage area was 
accurately gauged every day for a period of two years, and was 
found to amount to 66 per cent, of the whole rainfall. 

Another experiment was made on the watershed of Madison 
Brook, an area of 6,000 acres, 1,200 feet above the sea. The 
slopes here are not so steep as in Eaton Brook valley, and the 
soil is gravel, resting on greywacke. It was found in this 
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case that 50 per cent, of the whole rainfall was carried off bj 
the streams. 

Experiments were made at two stations on the drsinage 
gromid of the Albany Waterworks. At the first sN^tioii, 
having a watershed of 2,600 acres, it was fomid that from May 
till October inclusive only 41^ per cent, of the rainfall was 
carried off by the streams, but in the other six mcmths, firom 
November till April inclusive, 77*6 per cent, was so carried off. 
This was in the year 1850 ; but in the very next year, 1851, 
the streams carried off, between May and October indnaive, 
no less than 82*6 per cent. 

On another area of 8,000 acres the streams carried off, from 
July to December inclusive, 33*6 per cent., and from January 
to June inclusive, 53'6 per cent. 

The following table, showing the capacity of reservoirs in 
proportion to drainage area, is taken partly from Beardmore 
and partly from other sources. 







ReaecToir 






Drainage 


Room per 


Total capadtj 


NAME OF RESERVOIR. 


«iea. 


square mile 


of reservoir in 






m millions of 


millions of 




Sqime mflet. 


cotaiefeet. 


cabicfeet. 


Greenock 


7-88 


38 


300 


Glencorse (Bdinborgh) 


600 


7 66 


46 


Belmont 


. 2-81 


26-8 


75 


Rivington Pike. 


16-25 


29-6 


481 


Turton and Entwistle 


3-18 


31*43 


100 


Bolton 


•80 


25-6 


20 


Sheffield 


1*42 


36-5 


52 


Ashton 


•59 


21-0 


12 


Longdendale 


23-8 


12-3 


292 


Proposed reservoir for Wolver- 








hampton Works . . 


22i 


•7 


16 


Albany Works, U.S. . 


29 


11 


32 


Dilworth reservoir of Preston 








Works, Lancashire 


•092 


540 


5 


Homersham's estimate of 24,000 








cubic feet of reservoir to each 








acre of drainage . 


1 


15-36 


15-36 



IMPOUKDING BESKBV0IB8. 888 

CAPAdTT OF mPOUNDING BESEBYOIBS IN PBOFOBTION TO THB 

8UFPLT TO HB AFTOBDBD. 

The Eivington Pike reservoir was to contam 8,156 million 
gallons, and was intended to supply Liverpool with an ave- 
rage of 18 million gallons a day, besides 8 million gallons a 
day to millers. Henee it is ealenlated to hold 150 days' 
average snpply. 

The compensation reservoir of the Gorbals Gravitation 
Works for the supply of part of Glasgow, eontains 12 million 
cubic feet, and covers an area of 80 acres. 

The other reservoir covers an area of 40 acres, and con- 
tains 88 million cubic feet of water, or abont 80 days' snpply; 

The reservoir of the Bolton Works contains nearly 21 
million cable feet, and has to supply 900,000 gallons a day, 
so that it holds 146 days' supply. 

The Belmont reservoir contains 75 million cubic feet, and 
has to supply nearly 8^ million gallons a day, so that it con- 
tains about 186 days' supply. 

The Longdendale reservoirs for Manchester were to con- 
tain 292 million cubic feet, and were intended to furnish a 
supply for Manchester (including the compensation to millers) 
equal to 74 days. 

The reservoirs of the Preston Works are four in number, 
at different levels above the town, varying from 448 feet to 
50 feet. They contain when full 167 millions of gallons, or 
about half a year's supply for the population of 80,000 persons. 

DIMENSIONS OF EMBANXBIENTB FOB IMPOtTNDING BESEBVOIBS. 

Bateman's Compensation Beservoir at Longdendale has 
an area of 128^ acres, and contains nearly 155 million cubic 
feet. The embankment is 27 feet wide at top, and 4 feet 
high above top water ; inside slope 8 to 1, outside 2 to !• 

His Crowden reservoir has an area of 18 acres, contains 
18,498,600 cubic feet, the embankment is 15 feet wide at top. 
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4 feet high abore surface of water, and the same slopes as the 
Compensation resertoir. 

The embankment for the impounding reservoir of the Great 
Croton Waterworks for supplying New York is composed of 
earthwork, with a base of 275 feet. Behind this is a mass of 
masonry, 8 feet wide at top and 65 feet at the base. The 
masonry is built upright on the upstream side, or that adjoin- 
ing the earthen embankment, but with occasional offsets. The 
outer face of the masonry has a curved form, so as to pass the 
water over without giving it a direct fall on the apron at the 
foot. The apron is formed of timber, stone, and concrete, and 
extends some distance from the base of the masonry, so as to 
afford protection at the point where the water has the greatest 
force. 

A lower dam has been built at the distance of 100 yards 
below the masonry of the main dam in order to pen up and 
form a basin of water setting back over the apron at the toe of 
the main dam, in order to break the force of the water falling 
on it. This lower or secondary dam is formed of round timber, 
brushwood, and gravel. 

RESERVOIRS OF THE GORBALS GRAVITATION-WORKS. 

The Ryatt's Lynn, or upper reservoir, which holds the com- 
pensation water for the millers, covers 30 acres of ground, and 
has a capacity of 75 million gallons, the surface of water being 
300 feet above the Broomielaw quay at Glasgow. It is formed 
by an embankment about 450 feet in length, with a height in 
the centre of 40 feet. 

The lower or Waukmill reservoir covers an area of 40 acres, 
and has a capacity of 38 million cubic feet. It is formed by 
an embankment about 550 feet in length, with an extreme 
height of 55 feet. 

AMERICAN WORKS. 

The dams constructed by Mr. McAlpine for the reservoirs 
of the Albany Works were 10 feet wide at top, and were carried 
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up 8 feet above top water line. The slope on the outside is 2 
to 1 , and the inside has the same slope to the bottom of the 
conduit, where a berm of 5 feet wide is made, and thence to 
tbe bottom of the dam is a slope of 3 to 1 . The inner slope 
of the bank is pitched with stone to the level of the bottom of 
tHe conduit, and the top and outer slopes are covered with turf. 
Through the bank is carried up a puddle wall, 8 feet wide at 
tlie top, and increasing in width at the rate of 4 feet for every 
1 feet of depth. 

His dams for the reservoirs of the Brooklyn Works are 20 
feet wide at top, and carried up 5 feet above top water line. 
The slope on the outside is 2 to 1, and on the inside 3 to 1 . 

In the centre of the bank is a puddle wall of clay, 8 feet 
wide at top, which is 3 feet below the top of the dam, and in- 
creasing in width at the rate of 4 feet for each 10 feet of depth. 
The top and outer slope of the dam are covered with turf, and 
the inner slope is protected by stone pitching to the level of 
the conduit. 

Great precautions are necessary in the construction of large 
embankments for the purpose of impounding water. An accu- 
rate examination of the ground is essential, to determine whe- 
ther the seat of the embankment requires puddling, in which 
case the puddle of the seating should be perfectly joined, and 
worked into the puddle trench carried up through the middle 
of the bank. 

The bank should be formed in layers not exceeding 2 or 3 
feet in thickness, and shbuld be kept higher at the sides, espe- 
cially the outer side, than in the centre, and every means should 
be taken to consolidate the materials and prevent slips. A ju- 
dicious examination of the material to be used is also necessarv, 
as any kind of clay approaching in its nature to ' fullers' earth ' 
would be highly objectionable, owing to its property of being 
acted on bv water. 

Mr. Thom, of Glasgow, who has had great experience in the 
constraction of these works, recommends that the embank- 
ments should have a slope of not less than 3 to 1 on the water 
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side. He does not approve of paddled trenches in the hank ; 
but after excavating the foundation to snch a depth as to be 
firm, and to prevent the passage of water, he forms the bank by 
spreading alternate layers of puddled peat or alluYidl earth and 
graTel, beating them well with wooden dumpers till they are 
completely mixed. He then ooyers the slopes with a puddle 
made of small stones or furnace cinders mixed with clay, so as 
to prevent the possibility of moles or other vermin penetrating 
into the embankment. Mr. Thom refers to many reservoirs 
he has constructed in this way without puddle trenches, at 
Greenock, Paisley, and elsewhere. 

COST OF IMPOUNDING RESERVOIRS. 

This has been very variable, owing to the great range of 
prices, which in some cases have not exceeded 6d. per cubic 
yard for the bank, while in others the price has been U. The 
following are some examples showing the cost of large reser- 
voirs, including every expense of earthwork, puddling, pitch- 
ing, waste-weirs, valves, &c., but exclusive of land. 

Bateman's Crowden reservoir, to contain 18,493,600 cubic 
feet of water, to cost ^10,100, or ^561 per miUion cubic feet. 

His Armfield reservoir, containing 38,755,556 cubic feet, to 
cost ^17,065, or ^38 per million cubic feet. 

His Hollingworth reservoir, containing 12,348,100 cubic 
feet, to cost ^5,500, or ^458 per million. 

His Armfield Moor reservoir, containing 13,072,581 cubic 
feet, to cost ^8,100, or ^623 per million. 

His Tetlow Fold reservoir, containing 8,849,310 cubic feet, 
to cost ^£6,500, or ^722 per million. 

All the above are connected with Mr. Bateman's Longden- 
dale Scheme for supplying Manchester, and appear to be esti- 
mated at fair prices, the embankments being taken at Is, per 
cubic yard, including puddle. 

His large compensation reseivoir for the millers is to contain 
154,573,420 cubic feet, and to cost ^11,250, or at the rate of 
only ^73 per million feet. This is so much at variance with 
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all tbe others, that there must be something pecoliar to account 
ibr it. One must either conceive a remarkably favourable con- 
figuration in the valleys to admit of such an enormous volume 
of water being dammed up by a comparatively small embank- 
ment, or assume that a Jake* or body of water already exists at 
the place in question, and that the proposed embankment will 
increase its volume to the extent indicated by the figures. 

The Spade Mill reservoir, on the Preston Waterworks, con- 
tains 20,934,824 cubic feet, and was estimated at <£5625, or 
^268 per million feet. 

The Knowl Green reservoir, on the same Works, contains 
7,256,869 cubic feet, and was estimated at ^,288, or ^612 
per million. 

In the preceding examples the prices appear to range from 
^268 to more than <£700 per mfllion feet ; this great differ- 
ence being chiefly caused, not by the difference of price, which 
is nearly the same in each case, but principally by the variation 
of shape and form in the valleys, some of which admit so much 
more readily than others of water being stored up. Most of 
these examples are taken from districts of millstone grit, where 
the valleys are deep and the sides precipitous. When embank- 
ments are made across valleys of a more open character, and 
with flatter slopes, the cost of water stored up will evidently 
be much greater. 

IMPOUNDING RESERVOIRS WITH DAMS OF MASONRY. 

These have not been much used in this country, but have 
been extensively adopted in France by eminent engineers of 
that country. Mr. Conybeare, in his Report on the supply of 
water to Bombay, quotes three examples of large stone dams 
executed on the Canal du Midi and other canals in France. 
These dams vary in height from 40 to 70 feet, and are con- 
strueted according to a formula given in the Aide-mhunre, 
and which is commonly followed by the French engineers. In 
this formula the thickness of the wall is made as follows : — at 
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bottom seren-tenths of the b^ht, at middle fire-toithsy and 
at top three-tenths. 

These dams of masomy, it is befiered. wotdd be much mofe 
expensive than earthworks in this oonntiy ; and from a eom- 
parative estimate made by Mr. Conjbeaie for his own case 
of the Bombay Works, he foond that while a dam of masonry 
would cost ^235 per yard forward, one of earthwork would 
only cost ^) 00. 

BBRYICK RBSBRYOIRS. 

This b the name given to the small reservoirs holding from 
one to three days' supply, which are constructed in the immediate 
neighbourhood of a town. The most useftd kind of service 
reservoir is one situate upon an eminence at a sufficient height 
to give high pressure over the tops of all the houses. Some- 
times however the service reservoir is at such a* low level that 
the water has to be pumped up from it. Under all circani" 
stances, however, the contents of the service reservoir will be 
available in case of any accident happening to the main whicb 
supplies it, or to any more distant part of the works. 

Service reservoirs as formerly constructed were commonly 
mere open ponds, either with upright or sloping sides, lind 
either with concrete, brickwork, or masonry. The sanitai^ 
principles of the present day, however, seem to require tha^ 
at all events in the neighbourhood of lai^ towns, the ser 
vice reservoirs should be covered over with a roof either o 
brick or stone. The advocates of covered reservoirs not onl] 
claim in their favour the advantage of preserving the water fre 
from soot and the atmospheric impurities of large towns, bn 
they also insist strongly on the superiority which the wate 
possesses in other respects when stored in covered reservoir: 
The principal of these are the uniform temperature and tb 
freedom from vegetation, which is found to be a serious annoi 
ance, especially in water from the New Red Sandstone^ whe 
exposed to the action of air and light. 

The construction of covered service reservoirs is extremd 
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simple. A series of parallel walls or piers is built tbrooghoat 
the reseryoir, and between these arches are turned, of half a 
brick or one brick in thickness, according to the span or dis- 
tance between the piers. The arches are either semicircles 
or flat segments of a circle. Other coyered reservoirs are 
constructed by building parallel rows of brick, iron, or stone 
columns, which support cast-iron girders, and from these 
girders the arches spring, as before. 

The cost of covered reservoirs varies from 30s, to £Z per 
thousand gallons of capacity. One of the cheapest covered 
reservoirs which have been constructed is that of the Wolver- 
hampton Waterworks at Groldthom Hill, from the designs of 
Mr. Marten. This reservoir is in two piu^s, containing toge- 
ther 1,500,000 gallons, and the cost exclusive of land is said 
not to have exceeded ^2,200. 

The covered reservoirs, with sohd brick piers, appear to be 
somewhat less expensive than those built with brick arches 
supported on iron columns and girders. 

The following trial estimates, made in my own office for 
various reservoirs at the same schedule of prices in each case, 
will show the difference : — 



;, Contents of Reservoir. 


With brick arches 

on brick piers and 

cross walls. 


With brick arches 

on iron columns 

and girders. 


ii?'^ 1 million gaUons 


. . £2696 


. . £2920 


tlie' l^miUion do. 


• • 3588 • 


. . 3937 


.Ifkfr 2 million do. 


. . 4162 


. . 4469 



The above prices do not include the cost of land, sluices, 
or culverts. 

One of the best and most recent examples of elevated 
service reservoirs is that erected by the late Mr. Simpson on 
Putney Heath, for the new Works of the Chelsea Company. 

In the works designed by Mr. Simpson for this Company 
there is an obvious advantage over the schemes of the other 
London Companies, namely that the water is pumped up to 
an intermediate summit reservoir on Putney Heath, capable 
of containing 10 million gallons, and from this reservoir the 
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tion taken tbroTigh the centres of the hollows. Each of the 
2B-feet spaces has a 14 inch counterfort carried oat at right 
angles. These counterforts occur at intervals of 26 feet and 
13 feet alternately, and project 6 feet wide at the base on each 
side of the pier, and ran out to noUdng at the top or springing 
of Hie arches* In each of the 18-feet spaces between the coun- 
terforts there is a smaller circular hollow of 5i feet diameter. 
The arches spring from skewbacks formed of carefully moulded 
bricks, perforated longitudinally with inch hollows. These 
bricks are made at Kingston-upon-Thames by machinery ex- 
pressly designed for the purpose. The versed sine, or rise of 
the arches, is 4 feet 8 inches, or rather more than one-fifth of the 
span. Each arch is provided with two openings in the centre, 
communicating with a line of 1 2-inch earthenware tubular pipe, 
which passes through the spandiils, and communicates with 
perforated iron tops in the division wall between the two parts 
of the reservoir. By this contrivance the space above the 
water in the covered reservoirs is effectually ventilated. 

The supply-pipe from Thames Ditton is 30 inches diameter, 
and c»>ines into each part of the reservoir at the level of top- 
w^ater, which is a few inches below the springing of the arches. 
At this level a waste weir or overflow is fixed, to prevent the 
reservoir from being filled too full. The exit mains to London 
consist of two 24-inch pipes, and they pass off from the bot- 
tom of the reservoir which has an incHnation in one direction 
of 1 in 20, and a fall across of 6 inches. The surface of top- 
water in the reservoirs will be 163 feet above Trinity high- 
water mark, the highest part of the district to be supplied being 
Queen's Koad, Kensington, where the houses stand on ground 
1 35 feet above Trinity high-water mark, and where the ground 
immediately beyond the houses is 145 feet high. To supply 
the tops of these houses a stand-pipe, 46 feet in height above 
the surface of the reservoir, will have to be erected* 
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since been followed in all those numerous English Waterworks 
in which filtration is practised at the present day. 

Schick System of Triple Filtration. 

The filters uf the Gorbals Gravitation Works of Glasgow 
afford, perhaps, the best example of the filtration through 
compartments. They were designed to filter about 3 million 
gallons per day, but the quantity is gradually increasing, hav- 
ing been 2,904,000 in 1852, and 3,274,000 in 1854, with a 
further increase during the last year. 

The filters are situate on the brow of a hill about 330 yards 
distant from the Regulating House, and the water is carried 
along the sloping surface of the ground in an arched stone cul- 
vert, which is laid on a dead level all the way. The culvert is 
flat-bottomed, 4 feet wide and 4 feet high. 

The filters occupy a rectangular space 360 feet long by 80 
feet wide. The length of 360 feet is separated into two com- 
partments by a division wall, and the breadth of 75 feet, is 
divided into three spaces on each side of this division. The 
filter may be described, therefore, as a double range of three 
compartments, each range being 180 feet long and 75 feet 
wide. The first compartment, or that nearest to the delivery 
culvert, is 15 feet wide and 4 J feet deep, being filled with 
broken freestone. The second compartment is nearly 24 feet 
wide, and is filled with gravel to a depth of 3 feet. The third 
compartment is 34 feet wide, and is filled with coarse sand to 
a depth of 2 feet. The bottom of all the three compartments 
in each range of filters is on the same level, and was thus 
prepared: — the bottom, after being excavated to the proper 
depth and well levelled, was filled with one foot of puddle, and 
oil this was placed a layer of small stones or very coarse gravel, 
which was well beaten in, to form a surface proper for the re- 
ception of a layer of cement one inch in thickness. 

On this layer of cement rows of brick on edge are laid, one 
inch apart longitudinally, and 10 inches apart from centre to 
centre, measured transversely. On this open groundwork of 
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bricks rests a close-set flooring of tiles one inch thick per- 
forated all over with holes one-eighth of an inch in diameter. 
This foundation is the same for each of the filter-beds, bat the 
material with which thej are filled is different, as already 
stated. The broken freestone in the first compartment is in 
pieces about the size to which road-metal is commonly broken, 
namely such as will pass through a 2^-inch ring. The second 
compartment contains screened gravel, and the third contains 
coarse sand procured from the larger Cumrae Island, in the Frith 
of Clyde. The culvert which conveys the water to be filtered 
approaches at one comer of the compartment filled with the 
freestone, and passes along the whole length of the two ranges 
at the back of this compartment. This part of the culvert is 
a rectangle, 4 feet wide, 2^ feet high, and is covered over by 6- 
inch flags, through which pass the screwed rods of a series of 
sluices with adjusting nuts at the top. Each range of filters b 
provided with 10 sluices. The openings of the sluices are long 
and narrow, so as to admit the water in a thin sheet on to the 
surface of the first or coarse filtering compartment. 

Between each of the filtering compartmeiits is a passage two 
feet wide, and extending the whole length of the two ranges of 
filters, in which the water rises up to its original level, after hav- 
ing passed down through the filtering medium. There is also a 
similar passage between the third or final filtering medium and 
the pure water basin. Each of these passages is provided with 
twelve sluices, to admit the water from under the filter-beds. 
The process of filtration will now be readily understood. The 
water passing from the regulating valve-house through the cul- 
vert already described, proceeds along at the back of the coarse 
filtering medium, and the sluices being open, it spreads gently 
over the surface of broken freestone, through which it perco- 
lates vri th considerable freedom. Having passed through this, 
it finds its way, by means of the perforated tiles and the open 
brick channels on which they rest, into the first passage, where 
it rises nearly to the level of the first filtering bed. At this 
level it pours over in a thin film on to the surface of the 
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second or grayel filter^ the top level of which is 18 inches 
lower than that of the freestone. Here it goes through the 
same process as before, and then enters the sand filter, which 
again is 18 inches below the lerel of the gravel. Finally, hav- 
ing passed through the sand filter, the water rises in the third 
passage and fiills over into the pure water basin, which consists 
of two compartments, each 189 feet long and 66 feet wide. 
The side walls of the pure water basin have each a batter of 
3 feet on the inside, so that the breadth at bottom is reduced 
to 60 feet. The depth of water is commonlj about 16 feet. 
The duplicate arrangements of the filters and pure water basins 
afford convenient dualities for emptying and cleansing at any 
time, without interfering with the progress of the Works. 

An ingenious arrangement is adopted for cleansing the filter- 
beds by means of an upward current of water, which carries 
the impurities that have been deposited up to the surface of 
the bed, where they are floated off to the drains. This cleans- 
ing current is brought by a 6-inch pipe from the level of the 
culvert before it discharges into the first filter-bed. The 6-inch 
pipe passes under the division wall between the two ranges of 
filters, and a stop valve branches off into each of the first com- 
partments. When it is desired to cleanse by means of the 
upward current the first compartment of the filter-bed, the 
sluices communicating between it and the first or adjoining 
passage are closed. The same movement of the spindles which 
closes these bottom sluices opens those at the top, and the 
upward current of water, carrying with it the deposited matter 
mixed with the broken freestone, is taken off by a drain which 
passes under the division wall. In the same way the second 
and third filters are cleansed by the ascending current, which 
is admitted to them by opening the bottom sluices, and allow- 
mg the current from the 6-inch pipe to enter the filtering bed 
at the bottom. 

FilteT'beds of the Chelsea Waterworks. 

The filter-beds at the old Works of this Company on Tliames 

Q 8 
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Bank were eonBtnicted about the year 1889, and have Eierved 
as a model for most of those which have since been con- 
stmcted. 

The old filter-beds were two in number, the soathem one 
being rectangular, 240 feet long by 180 feet wide, and the 
northern one 851 feet in extreme length by 180 feet wide. 
These filter-beds had an area of 9,000 yards ; and taking the 
average daily quantity filtered in 1858, the area appears to be 
at the rate of one square yard to 626 gallons. The sides of 
the filter-beds were embanked to a height of 12 feet above the 
natural surface of the ground. The slopes were covered with 
turf. The bottom was puddled with clay 18 inches in depth. 
In the northern filter-bed were nine brick tunnels, and in the 
southern eleven, which were laid upon the clay puddle, and 
extended from one end of the filter-bed to the other. Each 
of the tunnels was 8 feet in diameter and 18 inches thick, 
built with every alternate brick left out, so as to form a free 
passage for the water into the tunnels. The briok tunnels 
were then surrounded on all sides, and covered over to the 
depth of 2 feet with coarse gi %veL Above this was a layer of 
6 inches of shells, upon this a bed of coarse sand, and then a 
bed of fine sand. The depth of the beds above the gravel was 
about 5 feet. A deposit of 2 or 8 inches in depth v^as formed 
on the sand, and required to be washed off at intervals. This 
operation was performed in a few hours, and the intervals at 
which it was required depended on the action of the wind and 
tide. The water was admitted into the filtering ponds by a num- 
ber of openings, corresponding with the valleys or hollows m 
the filtering material, the brick tunnels being also laid in the^se 
hollows. The sediment deposited on the surface of the sand 
required to be scraped off twice a week in the summer-time, 
and about once in ten days in the winter. From a quarter tc 
half an inch of sand was scraped off each time with the sediment 
When the depth of the sand was reduced by this process to 
about a foot, a fresh supply of sand was added. Nearly 8,000 
cubic yards of fresh sand were annually required for this purpose i 
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The surface of water in the filtering beds was aboat a foot 
above the bottom of the settling ponds. 

The water after filtration passed through a culvert to the 
engine well, whence it was pnmped into the mains for dis* 
tribation. 

The filter-beds were provided with weirs aboat 4 feet 
wide, to let off the water into a culvert in case it should rise 
in the filtering bed &ster than it can be filtered* • 

The Works at Thames Bank, however, were abandoned 
in 1856, when the new works at Seething Wells came into 
operation. 

NEW WOBSS AT SEETHINO WELLS. 

The depositing reservoirs and filter-beds are constructed 
close to the side of the river, in a long narrow strip of 
ground which borders the river between Raven's Island and 
Thames Ditton. The Lambeth Works occupy the southern 
extremity of this strip, and the Chelsea Works are being 
made close to them, and occupy the northern extremity. 
The reservoirs and filter-beds are bounded on the west side 
by the river, and on the east by the turnpike road leading 
from Thames Ditton to Kingston. 

Depositing Reservoirs* 

A substantial concrete wall has been built alongside the 
river for the whole extent of the Works. This wall is about 
2 feet 6 inches wide at top, with a batter on the face of 
about 2 inches per foot ; at the back of the wall are substan- 
tial counterforts, about 14 feet apart from centre to centre. 
The two depositing reservoirs are each 272 feet by 226 feet at 
top, while at bottom the dimensions are 24 feet less in each 
direction, namely 248 by 202 feet. The reservoirs are 12 
feet deep, but the usual depth of water in them will be 8 feet ; 
the mean area of each being 255 by 214=55570 square feet, 
. the capacity of each at 8 feet deep will be 2,778,500 gallons. 

The level of water in each of these reservoirs is the same 
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Below Hhe filtering material the water drains off by means 
of perforated tubular pipes, stretching across the filter-bed, 
and commnnicating with a central inclined channel. Each 
filter contains on either side of the longitudinal centre drain 
five rows of transverse pipes. The pipes forming these trans- 
verse lines are of three sizes, namely 6 inches, 9 inches, and 
12 inches diameter. Each row begins at the side of the filter- 
bed with 6-inch pipe, and terminates at the centre with 12-inch, 
an arrangement by which the size of the pipe is mdely pro- 
portioned to the quantity of water which it has to carry off. 
The arrangement, in fact, represents an arterial system of 
drainage, in which the area of the pipes at successive points is 
proportionate to the quantity of water passing through them. 

The tubular drain-pipes are made in lengths of 2 feet, with 
bntt joints, and are bedded on small earthenware chairs, which 
serve to keep them in position, in the same way as the socket 
or half socket joint, which are sometimes used for the same 
purpose. The pipes are perforated all over with |-inch round 
holes ; and when laid in the chairs the butt ends are not laid 
close together, but with a space between them of half an 
inch or so. 

The pipes were made at Bristol by Messrs. Pountney and 
Goldney, from a description of fire-clay found in the neigh- 
bouring coal-field. 

The pumping station is on the opposite or north side of 
the road leading from Thames Ditton to Kingston, so that 
the pipe conveying the filtered water to the engine well is 
carried under and across the road. The engines for pump- 
ing the filtered water are four in number, of a united horse 
power equal to 600 horses. They have thirteen single-flued 
Cornish boilers, each 81 feet 9 inches long, and 5 feet 8 
inches in diameter. The flues are 8 feet 8 inches in diameter. 

In addition to these four engines, which were erected in 
1856, two new auxiliary engines were put up in 1866. 
These are similar to the four older engines, and are provided 
with seven similar boilers: 
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Two separate engmes of 25 horse power each are also 
employed at Seething Wells for pumping the onfiltered water 
to the open reservoir on Putney Heath. 

The numerous filter-beds constructed by Mr. Hawkesley 
at Leicester and other places, are usually designed with an 
area of 1 square yard for each 700 gallons of water to be fil- 
tered in twenty-four hours. 

The kind of filter adopted by Mr. Hawkesley is similar to 
those which have been described in Mr. Simpson's works, the 
principle being that of descent through horizontal beds. 

We have seen that the surface of filter-bed at the old Chelsea 
Works was at the rate of 1 square yard to 626 gallons. Mr. 
Bateman is understood to adopt a proportion of 1 square yard 
to every 675 gallons of water filtered in twenty-four hours. In 
the filter of the Works for Chester, however, Mr. Bateman pro- 
poses only 953 square yards to filter 960,000 gallons a day, or 
at the rate of 1 yard to 1007 gallons. Mr. Lynde, at Norwich, 
has adopted the rate of 1 square yard to 5 13 gallons. In the 
Gorbals Works at Glasgow, where the filtering material is in 
three separate compartments, the proportion of the whole sur- 
face is 1 square yard to 1135 gallons; while Mr. Wrigg, at 
Preston, adopting the same system of triple filtration, has the 
proportion of one square yard to 456 gallons. 

The cost of constructing filter-beds ranges probably from 
1 8«. to 30«. per square yard. The following is the result of 
detailed estimates made in my own office for filter-beds in con- 
nection with the Wolverhampton Waterworks, calculated from 
a uniform scale of prices : — 

Filter-beds containing an area of 5,625 square yards, cal- 
culated to pass 3 million gallons in 24 hours, would cost 7302 

Filter-beds containing an area of 2813 square yards, calcu- 
lated to pass li million gallons in 24 hours, would cost 3791 

The cost of working filter-beds, comprising the attendance 
of labourers, scraping, cleaning, and restoring sand where neces- 
^ry, is usually estimated at about 10*. per million gallons of 
'er passed through. 
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ON GAUGING THB DISCHARGE OF RIVERS AND STREAMS. 

This is an operation which comes frequently within the pro- 
vince of the hydraulic engineer, sometimes to determine the 
quantity to he relied on for his own works at various seasons 
of the year, and frequently as involving and connected with 
questions of compensation to miUers, landowners, and others, 
for water to he abstracted from existing streams. 

Large volumes of water are frequently conyeyed in artificial 
open channels for the supply of towns; and the method of de- 
termining the relations between the quantity delivered, and the 
section and inclination of such channels, is of course one which 
claims particular study and attention. 

There are several methods of gauging, the nature of which 
may be briefly noticed. 

1st. The method of determining the discharge from the 
area and inclination of uniform channels. This method is not 
applicable to ordinary rivers, but has often to be adopted in 
finding the discharge of new cuts, or channels made to convey 
water either to impounding reservoirs, or from these to the 
town for distribution. The New River is an example, on a 
large scale, of a work of this kind. 

2nd. Gauging by memiis of the surface velocity in the centre 
of the stream. 

3rd. Gauging by means of sluices or orifices. 

4th. Gauging by means of current-meters or other instru- 
ments for observing velocities at various depths ; and 

5th. Grauging by means of weirs. 

1 . Motion of Water in Uniform Open Channela, 

The French writers Coulomb and Prony have shown that the 
velocity of water moving in channels of this kind may be 
derived from the equation 

RI = flU + 6U2 . . . (5); 
in which R represents the hydraulic mean depths or the quo- 
tient derived in dividing the sectional area of the water by the 
wetted perimeter or border. I represents the inclination or 
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fall of the surface-water * per foot ran, and U the velocitj in 
feet per second, a and b being coefficients which have to be de- 
termined by experiment. 

During three-quarters of a century this problem has engaged 
the attention of some of the most able intellects of France, 
Germany, and England. 

Among those who have experimented on the subject are 
Du Bust, Coulomb, Prony, Bossut, Couplet, Dr. Toung, 
Girard, Woltmaim, Funck, and Brtinning. Some Grerman 
writers, as Eytelwein and Weisbach, have chiefly contented 
themselves with reducing and comparing the experiments of 
others, and founding upon them formulae of the highest value 
for the purpose of hydraulic calculations. 

Eytelwein especially, in his ' Handbuch der Mechanik und der 
Hydraulik' (Berlin, 1801), has rendered essential service in this 
department of practical science. After reviewing all the ex- 
periments that had been made on the subject of water flowing 
in uniform channels, he shows that the mean velocity is very 
nearly -ff of a mean proportional between the hydraulic mean 
depth and twice the fall in feet per English mile. Let H be 
the fall in feet per mile, then 

U = |f ^2^5 . . . (6); 
or the velocity in feet per minute will be 54^ times the square 
root of the mean hydraulic depth -multiplied by twice the fall 
in feet per mile. This is the rule by which Mr. Beardmore 

* Du Bnat, Prony, and the other French writers commonly use what it 
called the h3rdraalic inclination, or surface slope of the water, in their for- 
mula. In short lengths of canal or pipes this is not to be confounded 
with the inclination of the pipe or channel, as it may vary considerably 
from this. In long lengths however, say upwards of 100 feet, the hy- 
draulic inclination may be taken to be the same as that of the bottom of 
the channel. Mr. Neville has pointed out the distinction between the in- 
clination of pipes and the term "hydraulic inclination'' in the introduc- 
tion to his Hydraulic Formulae. He there shows that serious errors have 
been made by applying Du Buat's formulae to short lengths of pipe, in 

nch the slope of the pipe has been confounded with the hydraulic in- 
ition. 
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has corpated the table of velocity and discharge for arterial 
drains and rivers in his excellent work entitled 'Hydraulic 
Tables.' The only difiference is, that in order to facihtate cal- 
culation, he has taken 55 as the multipHer instead of ^-^ = 
54*54, which would be the exact mnltipUer derived from £y- 
telwein's valuable formula. 

Let it be required to compute the velocity and discharge of 
a channel having the following dimensions : — 

Width at bottom, 12 feet. 

Side slopes of channel, 2 to 1. 

Depth of water, 7 feet. 

Inclination or fall, 3 inches per mile. 

Here the area of water is 12 + 14 x 7 = 182 feet. 

The wetted perimeter is 12 •+• 2 ^14'-^ + 7* = 43-3. 

182 
Then R = ^577-= ^'^9 ^^® hydraulic mean depth. 

Also H = -25. 



Then 55 a/4-2 x -25 x 2 = 55 X 1*414 = 78 feet per 
minute for the velocity, and 182 x 78 = 14196 cubic feet 
discharged per minute. 

Mr. NeviUe, in his Hydraulic Formulae, gives the following 
modification of Eytelwein's equation : — 

U = 5604VRS (7), 

H 

where S is the natural sine of the inclination or -^. This 

formula gives the same result as Equation 6, which latter 
however has the advantage of being more easy to calculate. 
Hence we may take the velocity in feet per second to be 

if V2BH; and per minute U' = ^^ vTRU ... (8). 
This formula is also apphcable to pipes and culverts both 
circular and oval, whether running full of water or with any 
less quantity ; but is not applicable to pipes under pressure, 
such as those employed for carrying water from a steam-engine 
or from a stand-pipe for the supply of towns. 
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2. Om Gmmgimg ttuxn by smow qftke Surface Velocity in tJu 

Cemire of the Stream. 

The rdslioD b c tw c ca tlie mesn velocity of water in a chaimel 
and that of the nnrlaee vdocity in the centre, is another sub- 
ject whidi has long engsged the attention of hydraulic en- 
gineers. Among thoee who have experimented on the subject 
Dn Baal and Prony are again in the first rank. Du Buat 
operated on a canal whose section was tolerably nniform, some- 
tisMS rectangalar and sometimes trapezoidal, whose greatest 
bffvadth was sboat 18 indies, and depth from 3 to 9 inches. 

Prony, using the results derived by Du Baat in this 
cxperimentsl channel, established the empirical formula 

U «yjX±2;?7287) ^^^ U and V are in metres per se- 

V + 3*15312 ^ 

cond, U being the mean velocity per second and V the surface 
vdocity par second. This equation, reduced into £nglish feet, 

becomes U = YCYJlI^^i) . . . (9). 

V + 10-345 ^ ^ 

Mr. Neville has used this fo^knula for calculating the velo- 
dties in small channels. Prony states, that for surface velo- 
cities less than 10 feet per second U may be taken simply 

= -816V (10), 

but that the formula is only to be taken as a simple empirical 
rule, subject to modification according to the section and slope 
of the channel to which it is applied. 

Recent experiments which have been made with great mi- 
nuteness by M. Baumgarten on the river Garonne, and on the 
canal between the Rhone and the Rhine, are scarcely more 
satisfactory. In these experiments, which were made in chan- 
nels varying from a foot to 25 feet in depth, it was sought to 
determine the surface, bottom, and mean velocities at a num- 
ber of vertical lines across the stream. 

Putting t; for the mean velocity in any vertical line, and V 
for the surface velocity, M. Baumgarten found for a navigable 
canal, with earthen slopes varying from 2 to 6 feet in depth, 
that V = -903 V, and f>r smaller canals he found r = '901 7, 
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M. Boileau* is of opinion, after reviewing these experi- 
ments of Baumgarten, that for canals of all kinds, provided 
tHe section he uniform, the mean of these, or more simply -ff^ 
of the surface velocity, may he taken as the mean velocity in the 
same vertical line. 

In applying this rule to a wide river or canal, it is of course 
necessary to determine the maximum or surface velodty at a 
numher of points across the stream ; so that it does not dis- 
pense with the use of hydrometrical instruments. It may 
however serve much to diminish the numher of ohservations 
which would otherwise he required in deep eanals. 

^With reference to the mean velocity for the entire section of 
a stream, Boileau, in his work already quoted, gives some ex- 
periments, in which he finds the values of U for small depths 
not exceeding a foot vary from *7S5 V to *865 V. 

In the 'Annales des Fonts et Chauss^s' for 1848 M. Banm- 
garten gives a tahle of mean and observed velocities at various 
depths for twenty-two sections across the Garonne. The author 
compares his mean velocities with those calculated by the for- 
mula of Prony, and finds the latter too great, — a result directly 
opposite to that established by Boileau for his largest canal 
of one foot deep. Baumgarten concludes, that for large sections 
^such as those of riyers) with irregular banks, the velocity is 
only four-fifths of that determined by Prony, so that mstead 
of U = -816 V, it should be U = -653 V. 

Mr. Beardmore, in his work already quoted, has a table 
showing the mean velocity corresponding with surface veloci- 
ties, varjdng from 5 feet per minute up to 950 feet. This 

table is calculated from the formula U = V •+• 2*5 — ^/5Y. For 
a surface velocity of 5 feet per minute he gives a mean velocity 
of 2*50, so that here U = '5Y; and for his highest surface 
velocity of 950 feet, the mean velocity is 883*6, so that here 
IT = '930 V ; and so in proportion for intermediate velocities. 
Mr. Neville has calculated two sets of mean velocities, both 

* Traite de la Mesure des Eaux Courantes. Par P. Boileau. Paris, 185i. 
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of which USer eonndenblj front Beardmore'a. One of these, 
for Urge cbsnnds, is baaed upon experiments bj Ximenes, 
Funck, and BrOnning, and is calcoUted from the formula 
U s *8d5 V. The other, as before explained, is calculated 
from the formnk of Pronj, which for measures in English 

mches becomes U=v(??^iL±^) , . . (H) 

According to this ktter table the mean velocity correspond- 
ing to a surface velocity of 5 feet per minute, is 3*75 feet, 
whereas Mr. Beardmore makes it 2*5 . For 600 feet per minnte, 
the highest surface velocity in the table, the mean is 524 feet 
per minute, Mr. Beardmore*s corresponding velocity being 548. 

On the whole, it must be confessed this is a subject on which 
no very striking agreement in opinion is to be expected. Not 
only do the experiments and formulae of separate authors differ 
from each other, but even those of the same authors differ 
among themselves, and vary to an unusual extent. 

Although I have thought it necessary to bring into juxta- 
position a few of the most prominent and leading facts con- 
nected with this subject of surface and mean velocities, it mast 
be observed that this method of gauging rivers is by no means 
a desirable one, and should never be adopted where the more 
certain modes of gauging by means of sluices or weirs can be 
followed. In large rivers, however, it will often be impracti- 
cable to gauge in any other way than by taking velocities ; and 
when the extreme surface velocity has been ascertained, with 
proper precautions, as accurately as possible, it most be re- 
duced to the mean by using one or other of the coefficients or 
values of V ; when this mean, so reduced, is multiplied by the 
area of water-way, taken in the same dimensions as V, the 
result will be the discharge of the river in terms of V, in the 
same unit of time for which the velocity Y is taken. 

When no other mode of gauging is practicable, except that 
by means of surface velocity, a part of the river should be se- 
lected where the channel is most straight, and the section most 
ilniform and regular. Several accurate sections across the rivef 
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should then be made, from which the area of water-way must 
be accurately computed. Stakes are then to be driven down 
at fixed distances of 10 or 20 feet apart ; and if the river is very 
wide, it is desirable to hare corresponding stakes on each side 
of the river, and a pole erected at each stake, in order that an 
observer, standing at each pole and looking across to the one 
directly opposite, may note the exact time at which the float 
crosses the imaginary line joining the corresponding poles. 
The float used should be a leaded cork, an orange, or some 
other body only a Httle lighter than water, so that it will be 
nearly all submerged, and present very little surface to the 
action of the wind.* A number of observations should be 
taken at a season of perfect calm, in which there is no wind to 
disturb either the water or the float ; and an average surface 
velocity having been obtained from these, the mean is to be 
calculated from one of the formulse already jgiven, and multi- 
plied by the area of the river, to find the discharge as before 
explained. Mr. Beardmore observes : " The most useful in* 
strument for getting velocities where a float is not applicable, 
and where an under current is probable, is the current meter 
formed by a vane in the Archimedean form, carrying an end* 
less screw, which turns a wheel divided on the circumference. 
In ganging by velocities care should be taken to ascertain that 
the current does not underrun at the place of observation." 

* Some of the French experimenters have naed common wafers for the 
floats in very delicate experiments, while others have made use of small 
cubical pieces of oak, with a cavity in one side for patting in lead to bal- 
last or weight the wood ; others have nsed small balls of wax ballasted 
with lead. They recommend several precautions, which are not commonly 
attended to in practice. Some of these have reference to the extent to 
which the float should he submerged ; and for this they recommend very 
shallow floats, in order to attain a true surface velocity, and not one at a 
small depth below the surface. Other precautions refer to the buoys to be 
fixed in large rivers, or the stakes to be fixed on the banks at right angles 
to the current of the river. They insist further, that a body floating on the 
surface of a current has at first a velocity greater than that of the water, 
and that the velocity ought not to be taken for the purpose of calculation 
itntil the float is observed to pass through equal spaces in equal times. 
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3. Gma§im§ €f Water pauimg through Sluices or Orifices, 

Dr. Hatton and other wiiten on mechanics have sho^n 
that independently of friction, 1. The velodty of water pass- 
ing thnmi^ a doiee is tqaal to that acquired by a heavy body 
frfiiBg from die soriaee of the water to the centre of the orifice. 
2. That in any sing^ unit of space, as a foot or an inch, the 
velocity per aeeond expressed in similar units is equal to twice 
the aqnare root of the force of gravity. 3. That the velodty 
acquired in &lling throng any height is as the square root of 
the bci^ frOen throng^ Now let h represent the height or 
space &llen thiongjh, 9 the velocity acquired in falling through 
that space, and/ the force of gravity or the space fallen through 
by a heavy body in one second (this, in the latitude of London, 
» cqnal to 16*08 feet). Then the preceding propositions may 
be thus cxpicssed algebraically : 

• = 2 v>*= 2 V16^ = 802 . . (12). 
where A» the height fiJloi through, is equal to unity; and 
where h is any height whatever, 

9 =: 2 ^TeWh — S'02 y/h . . (13). 
This last is jnstiy called by French writers the fundamental 
equation in hydraulics. It is the one most commonly used. 
It is the one whidi, when modified in each case by the proper 
coefikient, forms the foundation of fbrmulse for the flow of 
water, not only through sluices and over weirs, but also its 
flow in canab and pipes. We shall see hereafter how invari- 
ably this simple equation plays its part in all determinations of 
this kind. 

Since the time of Dr. Hutton and his contemporaries a 
somewhat more accurate value has been assigned to g, the 
foree of gravity. In accordance with the most recent experi- 
meuts the value of g has been somewhat increased, and it is 
more accurate to write 9 = 8*03 \/h. 

If it were not for the friction of the particles of water 
amongst themselves and against the sides of the orifice, and 
lor the contraction of the stream in issuing out, the mean velo^ 



GAUGING OF RIYKR8 AND STREAMS. 859 

:it7 would be something more than 8 times the square root of 
be height. It is evident that the discharge through a sluice 
nill always be equal to the mean velocity multiplied bj the 
irea of the opening. Hence« if we put A = the area, we shall 
lave the theoretical discharge, independently of friction, equal 
:o 8*03 A ^Jh per second . . . (14) 

ind 481*8 A ^A per minute • • . (15). 

The water which issues through any orifice, however, is 
liininished by friction and by the contraction of the fluid vein, 
rhe relation between the theoretical discharge and that due to 
the real sectional area of the vein has never yet been deter- 
mined hy mathematical investigation ; we must therefore be 
guided solely by experiment. These experiments have deter- 
mined that for very small orifices the above expressions must 
be multiplied by a coefficient which differs little from 0*62. 
This would reduce the coefficient 481*8 to 300, this being the 
multiplier Mr. Beardmore uses in his tables for ordinary sluices. 
The principal experiments on which formulae for discharge 
by sluices have been founded are those by Poncelet and Lesbros. 
These are far from satisfactory, because, although they were 
made with heads of water varying from to 10 feet, yet the 
orifices were extremely small. The orifices used in the expe- 
riments were all rectangular, with an invariable breadth of 7f 
inches, and varying in height from -^ of an inch to 7} inches. 
These were evidently much smaller than the sluices in practice 
for the regulation of supplies of water, for the discharge of 
surplus water, &c. The fact most worthy of observation in 
these experiments appears to be, that the coefficient was always 
greatest for the smallest orifice, and mee versd ; which goes to 
prove that the effect of the vena contraeta is much more sen- 
sibly felt as the size of the orifice increases. Looking carefully 
to the tables of Poncelet and Lesbros' experiments, which were 
published in their ' Experiences Hydrauliques sur les Lois de 
TEcoulement de TEau' (Paris, 1832), and which have since been 
copied by Genieys, Boileau, Dupuit, and every other French 
writer on hydraulics, there seems no reason to alter the coeffi« 
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aent *62. Thli appears, in the present state of our knowli^le^ 
to be the one best adapted to give the discharge through wed- 
oonstructed sluices in lock-gates, mill-dams, and other situa- 
tions of the kind. Hence we have 
481*8 X '62 X A Vh = 2987 A x/A = m round numbers to 

800 A V* • • • 06)> 
the discharge per minute through an orifice whose area is A, A 

being the height from the centre of the orifice to the surface 

of the water. " Where the orifice of the sluice is covered, as 

in locks and river sluices, the height A is the difference of level 

between the respective surfaces." * 

The following is a brief ritumi of the other writers who 

have experimented on the subject, with the results which they 

arrived at, condensed from Neville's Hydraulic Formuhe : — 

Reaalting 
Coefficienu. 

Dr. Biytn Robinton, in 1739. On circular orifices of one- 
tenth to eight-tenths of an inch diameter, with heads of 
2 to 4 feet -728 to -774 

Dr. Mathew Toimg, in 1788. On circular orifices one-fifth 
of an inch in diameter, with a mean head of 14 inches . *623 

MichelottL On circular orifices 1 to 3 inches diameter, 
and square orifices 1 to 9 inches in area, with heads from 
6 to 23 inches '609 to *64 

The Abb^ Bossut. On small circular and rectangular ori- 
fioes from half-inch diameter to an a^ea of 4 aquaru 
inches, imder heads of 4 feet and 15 feet . • • '613 to *619 

Brindley and Smeaton. On an orifice 1 inch square, with 
head varying from 1 to 6 feet *632 to -639 

Rennie. On drcular orifices from ^ to 1 inch diameter, 
with head ▼ar3ring from 1 to 4 feet .... -584 to *671 

Rennie. On rectangular and triangular orifices, each with 
an area of 1 square inch, and head varying from 1 to 4 
feet -572 to -668 

None of the preceding experiments are on so extensive a 
scale as those made at Metz by Messrs. Poncelet and Lesbros. 

*Beardmore'8 Hydraulic Tables, where some general rules are given to 
meet the most ordinary cases in practice relating to discharge through 
vertical and horizontal sluices. 



GAUGING OF RTVER8 AND STREAMS. 801 

These have been already alluded to. Thej appear generally 
to confirm the conclusion arriyed at by the French engineers 
and others, that the coefficient for practical purposes may be 
taken at '62. Some writers have attempted, as it were, to 
expand the experimental results of Poncelet and Lesbros for 
sluices of proportionate dimensions but much larger size. This 
has been done by Mr. Neville in his Hydraulic Formulee, but 
it really seems a waste of time and an attempt to refine where 
the data are not sufficient for the purpose. 

It will be observed in the preceding list of experiments' that 
Dr. Bryan Robinson's coefficients are much the highest. It 
is probable that most of the other experiments were made with 
orifices in a thin plate, while the aperture in Dr. Robinson's 
experiments was probably in a plate of some thickness, with 
the inner edge rounded off. This would occasion the coeffi- 
cients to be higher, and is probably the reason why they are so.* 

^Experiments on a much larger scale are still very desirable 
on this subject, and I perfectly coincide in the following obser- 
vation, which occurs in Mr. Neville's book : — 

" It is almost needless to observe, that aU these coefficients 
are only applicable to orifices in thin plates, or those having 

the outside arrises chamfered Very little dependence can 

be placed on calculations of the quantities of water discharged 
from other orifices, unless where the coefficients have been 
already obtained by experiment for them. If the inner arris 
next the water be rounded, the coefficient will be increased." 

Some carefully-conducted experiments on the time of filling 
and emptying lock-chambers or canals would, after all, be much 
more valuable than any of those which have been cited. Where 
the culverts or sluices from the upper level into the lock-cham- 
ber,, and between the latter and the tail of the lock, are in good 
order, these experiments might be made with considerable ac- 
curacy, while the lock-chamber itself would afford an excellent 
measure for the volume of water passing through the sluices 
in given spaces of time, with certain parts of their area open. 

* NcviUe. 

R 
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4. Gtmffing by means (^ Current Meters and other InmtmH 
menU for ohserving Velocities at various depths. 

On Hydrowtetert, or Instruments for measuring Velocities, — 
These are of two kinds, namelj those which act on the prin- 
ciple of Pilot's tube, and those which act as dynamometers, bj 
opposing a solid resistance to the action of the current, and 
indicating the force of this action by means of a dial or gra- 
duated bar. 

The Pitot tube, as originally proposed more than a centurr 
ago by the philosopher whose name it bears, is a hollow tube 
bent at a right angle, and so used that one part of the tube is 
horixontal in the line of the current, while the other part is 
vertical. The open end of the horizontal branch being op- 
posed to the action of the current, this causes the water to rise 
above the surface of the stream in the vertical tube, and at- 
tempts have been made to determine velocities at various depths 
according to the amount of this rise or difference of level. 
The simple tube of Pitot, however, is liable to many objections 
as a hydrometrical instrument. Among these are, its small 
degree of sensibility (as considerable increase of velocity pro- 
duces very slight variations of height), the oscillations of the 
water in the vertical part of the tube, and the errors arising 
from capillary action. These defects conspire to render the 
Pitot tube in its original form a very uncertain and imperfect 
instrument for ascertaining velocities. 

In his recent Treatise, which has been already mentioned, 
Boileau describes a very ingenious modification of the Pitot 
tube, which appears capable of being applied with very good 
effect to the measurement of velocities. The tube in this 
arrangement consists of a horizontal part and of an' inclined 
part, the tube being flexible, and so arranged that the hori- 
zontal part can be adjusted at any required depth in the cur- 
rent or stream. The upper end of the tube is surmounted 
with a metallic or glass cylinder, five or six times as much in 
diameter as that of the tube, and bv ^eans of valves the com- 
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manication can be closed at anj moment between this i^Uuder 
and the tube, while the contents of the cylinder can be dis- 
charged bj another small tube. The cylinder is proTided with 
a metallic float which rises as the cyHnder fills, and acts on a 
needle or pointer which indicates its exact height. The gra- 
duated scale to which the needle is applied points out the 
velocity of the current, but of course this requires very accurate 
graduation, and many preparatory experiments would have to 
be made for this purpose. The following appear to be the 
principal advantages that would attend the use of this modifi- 
cation of Bitot's tube : — 

1. It can be adapted without difficulty to the deepest and 
largest as well as to the shallowest rivers. 

2. It dispenses with the use of an accurate chronometer, 
which, on the other hand, is essentially necessary where either 
floats or other kinds of current metres are employed. 

3. When once fixed at any particular station, it need not be 
removed until the whole series of observations shall have been 
made which are necessary for that particular vertical line. 

There is another beautiful adaptation of a tube to the mea- 
surement of velocities which deserves notice. The tube is 
of glass, having one extremity fitted with a smaller adjutage, 
which can be varied according to the current. Before being 
used the tube is prepared by closing the larger end and filling 
the tube with water, so as to leave a small bubble of air, simi- 
lar to the bubble in the glass tube of the common spirit-level. 
The tube is immersed in the direction of the current at the re- 
quired depth, and the velocity observed by means of the pas- 
sage of this bubble of air from a mark at one extremity of the 
tube to the other end as soon as the latter is opened. Although 
a veiy beautiful philosophical toy, this is almost too dehcate 
an instrument for practical purposes. 

The Pitot tube described by Grenieys is made of tin, is about 
6 feet in length, and 2 inches diameter, with a horizontal arm 
about a foot in length. The extremity of the horizontal arm is 
contracted conically, leaving only a very small orifice to receive 

B 2 
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the pressure of the water. The' open end of the tube is fitted 
with a flpat aad wooden rod^ graduated to show the rise of 
water in the tube. 

In using the Pitot tube it is necessarj to have a strong stake 
or small pile fixed in the riyer* to whidi the tube can be ad- 
justed at any lequired depth. Except in very minute investi- 
gations> it is unneoessaiy to take more than two obserrations 
at each place, namely one at the surface and one^ tA the bot- 
tom, the arithmetical mean between these being the mean Telo- 
city in that yertical line. Care must be taken to place the 
horizontal part of the tube exactly in the line of the current, 
for which purpose it must be turned about, and Nsad off in 
that position when the water rises highest in the tube. The 
graduation of the tube or wooden bar may be calculated from 
the formula U = 8*03 \/A, where U = velodty in feet per se- 
cond, and A=height in feet of water in the tube above the sur- 
face in the river. Thus, a rise of one foot in the tdbe will mark 
a velocity of 8 feet p^ second, and so for Sdjy intermediate 
height the velocity will be as the square root of the hei^t. 

Pitot's tube has been much used by Mr. Seett Russdl and 
others., in making experiments on the speed of vessels passing 
through wat». 

Current Meter$ anting on the principle of Dtfnamomeiers. — 
The first current meter of this kind, as introduced by Wolt- 
mann in 1790, consisted of a small light waterwheel, with nar- 
row pallets or fioat-boards whose breadth was about one-fourth 
the diameter of the wheel. On the axis of the wheel is an 
endless screw which works one or more toothed wheels^ the 
revolution of which marks the velocity of the current. To 
this apparatus is attached a vane or rudder, of about the same 
depth as the diameter of the waterwheel, and this van^ acted 
on by the current, causes the waterwheel to rotate exactly iii 
the true axis of the stream. The whole apparatus is movable 
on a vertical shaft, to which it can be clamped^ so as to act at 
any required depths In the earlier current meters the pallets 
or blades of the waterwheel were fixed radially around the di« 
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cumference, similar to those in the ahnpler fonns of the com- 
mon waterwheel. The pallets have been oonstnicted either of 
flat boards of wood, or metal, or with one surface fiat and the 
other spherieaiy in order to oppose less resbtance in rising out 
of the water. 

These earlier forms of wheels for measuring Telocities of 
currents had many objections. They were made in too clumsy 
a manner, and had so much ftiction in the axle, in the endless 
screw and the toothed wheels, that they were incapable of re* 
cording small velocities, and not possessed of sufficient delicacy 
for ezperim^tal purposes. Besides dus, the toothed wheels, 
being immersed in the water without any protection or cover- 
ing, were liable to be affected by sand, gravel, weeds, &c. get- 
ting between the teeth and preventing them from working pro- 
perly. These and other objections and inconveniences arising 
from the use of tho current meters, led to several improve- 
ments by hsdgaelp Boilean, and others. In one of the most 
improved forms of eurrent meters the wheel is made with heli- 
cal blades, and great care is taken to have as little fnction as 
possible in the axle and the bushes in which it works. In 
place of the endless screw and toothed wheels of Woltmann's 
meter, M. Laignel substitutes a simple screw, on which works 
a movable nut. T^e nut does not revolve with the screw, but 
travels along it, and carries a pointer, which marks by the dis- 
tance on a bair the revolutions of the helical-bladed wheel. 
The screw on which the nut traverses is made of copper, and 
very accurately turned, with a pitch of -^ of an inch, and is \ 
of an inch in diameter. The screwed part of the axle, the 
travelling nut, and the graduated bar on which the revolutions 
are read off, are all enclosed in a box, so that the delicate 
mechanism is protected from that kind of injury to which the 
meter of Woltmann is so subject. The screw is about a foot 
or 16 inches in length, and the extremity of the box in which 
it is enclosed is provided with a vane or rudder, to keep the 
machine in the centre of the current. The helical wheel and 
box carrying the screw are supported on a bracket, which 
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slides on a rertical pillar, and can be clamped at any required 
height. There is a contriTanoe for stopping the revolation of 
the wheel at any required moment. The length of the screw 
is sufficient to allow the travelling nut and marker to record 
the reyolutions of the wheel during 25 or 30 seconds, when it 
is stopped, and the machine taken out of the water, and the 
distance corresponding with the number of revolutions read off 
nn the graduated bar. This instrument, like all others of the 
same kind, requires the employment of a very accurate chrono- 
meter, and has the inconvenience of causing much loss of time, 
by the necessity for taking the instrument out of water to read 
off the number of revolutions at every separate experiment. 

M. Boileau has proposed an extremely ingenious and delicate 
instrument, acting on the principle of measuring the velocity 
of a current without the employment of a wheel at all. A 
small copper plate is opposed to the action of the current at 
any required depth, and this, by means of a vertical bar, is 
made to act on a delicate and very sensitive elliptical spring. 
The compression of the spring is measured with extreme accu- 
racy by means of a micrometer screw. For the purpose of 
minute and delicate observations and experiments this instru- 
ment appears to be extremely well adapted, and is free from 
many of the defects which attach to all current meters actmg 
by means of wheels. 

Having obtained in a large river, either by means of the 
Pitot tube or some kind of current meter, the mean veloci- 
ties of the water in several vertical lines across the stream, 
we have then to find the mean velocity of the whole river. 
There are various ways of doing this, but the geometrical 
method described by D*Aubuisson, in his ' Traite d*Hy- 
draulique a Tusage des Ingenieurs,' is perhaps entitled to 
the preference on aoconnt of its extreme simplicity. '* Hav- 
ing fixed on the station where the cross section of a 
large river is to be taken, and the velocities ascertained, 
take a number of soundings across the stream, at 8, 10, or 
12 points, according to the breadth. These lines of sound- 
ug divide the section into a number of trapezia, and the 
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area of each of these is to he calculated. Then at a point half- 
way between each of the two lines of sounding is to be fixed a 
small boat containing the current meter, such as Woltmann's 
wheel, the Pitot tube, or other instrument bj means of which 
5, 6, or 7 velocities are to be determined in the same verticai 
line. The arithmetical mean of these is then to be multiplied 
by the area of the trapezium to which they apply. The sum 
of all these products is evidently the discharge of the river, — 
it is equivalent to the total sectional area multiplied by tlie 
mean velocity.'* 

5. Gauging by meant of Weirs. 

Beferring again to what has been called the fundamental 
theorem of hydraulics, namely v = 8*03 ^A, it may be at 
once applied to the case of weirs, v being the theoretical velo- 
city corresponding to the height h of the notch or weir. This 
height must be the difference of level between the surface of 
the notch over which the water flows and the still water in the 
pond abo^e. This hdght is not to be eonfounded with the 
thickness of the sheet of water flowing over the weir, from 
which it is quite distinct. As in the case of orifices, the 
tJieoretical expression 8*0d>v/ h for the velocity per second, or 
48r8>^A for the velocity per minute, must be multiplied by 
a coefficient to give the true velocity, as this in a similar man- 
ner is affected by friction and by contraction of the sheet of 
water flowing over the weir. 

Hence the velocity per minute of water flowing over a weir 
is equal to 481*8 CVA . . . (17), 
where C is a coef&dent to be determined by experiment* 

The value of C varies somewhat, not only according to the 
shape of the weir, but also varies for different depths and 
widths. The limits of this variation will be seen when we 
come to describe the experiments more particularly. 

The principal observers who have made experiments on the 
flow of water over weirs are the Chevalier Du Buat, Eytelwein, 
MM. D'AubuiftsoQ and Castel, and MM. Poncelet and Lesbros. 
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Ixa onr own eoontry experiments hare been made by Messrs. 
SmeilOQ and Brindlej, bj Dr. Bobinson^ Messrs. Leslie, 
BbckveD, Hawkskj^ and others. 

The experiments of Da Buat were made in 1779 on weirs 
IS^ inches wide and an extreme depth of 6f inches. 

MM. Poncelet and Lesbros made an extensive series of ex- 
periments at Metz in the jears 1827 and 1828. Hieir weir 
was of the constant width of 7} inches, and rarious heads were 
tried from f inch i^> to 8 inches. They found the coeffideDt 
varied eonsiderablj for different heads. The experiments of 
MM. D*Anbiusaon and Castd were made at the Toulouse 
Waterworks in 1834, with various widths of weir, and with 
a head ranging firom I to 8 inches. Messrs. Smeaton and 
Brindlej made their experiments vrith a constant width of 6 
iuches» and with depths varying from 1 to 6 inches. For Dr. 
Robinson's experiments see the ' Encydopiedia Britannica.' 

Mr. Bkckwdl*s experiments were made in 1850, and con- 
sisted for the most part of observations on the disdiarge of 
water by wrirs out of a large p<md on the Kennet and Avon 
Canal, which afforded a perfectly uniform head of still water. 

These eiqperiments were 264 in number, and embraced ob- 
servations on varioos forms of overfidl, from a very thin plate 
of sheet iron to a vreir 3 feet in thickness ; the length or breadth 
of the weir extending from 3 feet to 10 feet. 

If we substitute m for C 481*9 in the equation for the velo- 
city over the weir, we have the dischai^ of water for each 

3 

foot in width = m i^Ax* = m -/A' = mh^. 

The value adopted for m by Mr. Beardmore and by most 

English engineers, is 214 where A is in feet ; and where A is 

in inches the value adopted is 5*1. These two values are in 

214 214 
fiict identical, because — r= ., ^ = 5"1 

12* 41-6 

Hence the formula given by Mr. Beardmore, where A is in 
feet, is 214 ^A» . . . (18) 
V the discharge in cubic feet per minute, and the rule deduced 
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TXBLB 8BOWINO THV VARIATIONS OF THB CoBVPICIENTS FOR DIP' 
rSRBNT HBAD8 OF WaTBR, ACCORDING TO Mr. BlACKWBLL's EX- 
PXRIMKNTS. 



Number 
of Expe- 
riments. 


SPECIES OF OVERFALL. 


Head. 


Mean coeffi- 
cient for for- 
mula m ^h^ 
when A is in 
feet. 


Meaa coeffi- 
cient for for- 
mula m a/A 3 
when h is in 
inches. 


6 


Thin plate, 3 feet loag. 


in. in. 
lto3 
3 „6 


212 
194 


5-10 
4*68 


U 


Thin plate, 10 feet long. 


lto3 
3„6 
6„9 


241 
210 
178 


5-76 
516 . 
4-32 


23 


Plank, 2 inches thick, 3 feet 
long. 


lto3 
3 „6 
6 „9 


165 
185 
196 


3-96 
4-44 
4-62 


56 


• 

nank, 2 inches thick, 6 feet 
long. 


lto3 
3„6 
6 „9 
9 „ 14 


173 

191 
189 
173 


414 
4-60 
4-44 
414 


40 


Plank, 2 inches thick, 10 feet 
long. 


lto3 
3„6 
6 „7 
9 „ 12 


167 
191 
180 
172 


408 
4-60 
4-32 
4*14 


4 


Plank, 2 inches thick, and 10 
feet wide, with wings. 


lto2 
4 „5 


230 
213 


5-52 
5-22 


7 


Overfall, with crest 3 feet wide, 
3 feet long, sloping 1 in 12. 


lto3 
3„6 
6„9 


165 
158 
163 


3-96 
3-78 
3-96 


9 


Overfall, with crest 3 feet wide, 
3 feet long, sloping 1 in 18. 


lto3 
3„6 
6„9 


175 
152 
160 


4-20 
3-66 
3-84 


6 


Overfall, with crest 3 feet wide, 
10 feet long, sloping 1 in 18. 


lto4 
.4 „8 


158 
169 


3-78 
408 ; 


14 


Overfall, with crest 3 feet wide, 
level, 3 feet long. 


lto3 
3„6 
6„9 


147 
150 
153 


3-54 
3-60 
3-66 


15 


Overfall, with crest 3 feet wide, 
level, 6 feet long. 


3to7 
7 „12 


159 
149 


3-72 
3-60 


12 


Overfall, with crest 3 feet wide, 
level, 10 feet long. 


lto5 

5 „8 
8 .,10 


147 
158 
151 


3-54 
3-78 
3-66 


61 


Chew Magna experiments, over- 
fall bar 2 inches thick, 10 
feet long. 


lto3 
3„6 
6 „9 


210 

240 
243 


506 
5/8 
5-85 



r3 



irztnEr^wi^^Mhenhm'mmthes^is&'l ^/^ . . (19)=: 



Jki :&ae tv9 fcri^!» m hr man genenOj employed by 
<sC3iHn ibftft ftar oshea, I haTB Iboo^t it would be nsefol 
z: ftfi&f 4 iW E«5^ amred aft hj Mr. BlaekweD to each of 
^JboB. T^ ^iJtmt cm tka pneedii^ page (p. 369) is compiled 
±-:aL IK aiasxMt pvem hj Mr. BlackweD Jiiing^I f^ with the 
^o-itsszcmoi It aae d the baft two columns. 

Tli» icsijs ^:wa in tfia praeeding table are Teiy vala- 
A^ui« AZ dbe exftemaeals czc^ tbe last (61), apply to still 
ju'ciof w::;br<d azy cczxeni in tbe water, and we shall first 

Cn«- a iii2. f !ift:« 3 fieet long, tbe experiments agree with 
tixif x^^sfcl <ot>fffccV-ts 214 and 5'1 19 to 8 incbes of bead, 
a~:«:t« v^:1 ^kij &ZI be£ow fbcm. 

iT^T^ir a uia jixat 10 fset long, tbe experiments show a 
^ xii£ff <c«f&S££i iban tbe common ones ; between 3 and 6 
i:.!bs^ tbf coc^oertB are neaziy tbe same, and above 6 
icLas Ui£ jcie-.^ cartas aie less. 

tbiek an opposite law seems to prevail, 
I vitb tbe depth instead of becoming 
Tbis is tbe case with all the ex- 
tbe 3 fert plank, die coefficirat np to 3 inches 
Wuic ^^3s nni XDcreasing 1^ to 196 tar heights between 6 
«&£ ^ iiK-^M^ AH tbe cspcrimcntal coefficients are below the 
-tsuiiL ^OMS ia tboe twcBtj-tbRe experiments. In tbe next 
Ttitvfirr^scx < Ay n i ' Liii cits» (vvcr 6 feet and 10 feet planks, the 
^rmxTCMrK <»>tJkkat is for a dq»tb of 5 or 6 inches, beyond 
% r.v^ it ferjnyiws as 6r as tbe experiments extend. 

4^ iMT cxpnisMsIs nade otcr a plank with wing boards 
$>Nr«> as mk^t W expected, a better discharge than tbe former 
y%N^ TV <««dBcMl beie is highest at 1 inch, and gradually 
,^Vv-,*i5$i\>«i as tbe bead i nc r eases , 

!^ ;W e\|^«Mts on wcin with indined crests tbe lowest 
vs\H^>^qr<M i» ia eacb «aae at 4 indies, an increase taking place 
>nW« tW 4e<|v)^ k ^wini^ied bdow tbia^ and also when the 
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The experiments on level crests 3 feet wide and of different 
lengths present the greatest anomalies. The crest 3 feet long 
has the lowest coefficient at 4 inches. The one 6 feet long 
has the lowest at 10 inches, and the one 10 feet long has the 
lowest at an inch, from which it increases to 5 inches, and 
then again diminishes. 

The sixty-one experiments at Chew Magna are applicable to 
weirs across rivers in which the pond is small in proportion to 
the breadth of the weir, and in which it is difficult to avoid a 
slight current in the water as it approaches the weir. 

In these experiments the coefficients are below the mean up 
to 3 inches, then they rise almost to a maximum at 5 inches, 
then fall slightly to 6^^ inches, when they ascend to a maximum 
at 8 inches, below which they again descend. 

The mean coefficients determined by Mr. Blackwell for this 
kind of weir, when the depth exceeds 3 inches, are all higher 
than those in common use, so that the ordinary formulae may 
be used with safety for plank weirs of this description across 
rivers and streams, but appear somewhat too high for plank 
iveirs where the pond is large and the water entirely without 
current. There can be no doubt that Mr. Blackwell's experi- 
ments are entitled to the highest confidence, as they were 
made with great care, and afford an admirable model for that 
kind of experiment which is so necessary to furnish facts for 
the engineer. 

Recurring now to the formula at page 368, where m \/h^ = 
discharge for each foot in width, it is evident if b be the width 
of the weir in feet, mb\Jh^ will be the whole discharge per 
minute. Hence we have only to employ the corresponding 
coefficient in the table in order to obtain the discharge in cubic 
feet per minute. If A be in feet, the value of m must be taken 
from the fourth column, and if in inches, it must be taken 
from the fifth column. 

Example : Required the discharge over each foot in width of 
a plank 2 inches thick and 10 feet long, with a still pond above 
it, and a head of *25 feet or 3 inches. Using *25 for the height. 
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Some eng;ineers are in the habit of gauging the depth over 

a weir bj observing the height to which the water rises on the 

fhce of a common 2-foot rule held flatwise to the stream, and 

at the outer edge of the overfall bar or crest of the weir. Mr. 

Mackwell made many trials to ascertain the value of this 
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method, and he observes as a result, '' that the head of water 
above an overfall may be ascertained approximately, but only 
so, by the insertion of a 2-foot rule held against the stream on 
the overfall bar, and observing the height to which the water 
rises, as the total head above the crest." 

There can be no doubt that this is a difficult and uncertain 
method of observation, as the water coming with considerable 
velocity against the face of the rule, does not form a level and 
uniform head there, but is liable sometimes to be depressed 
and sometimes elevated above its true level. The method re- 
commended by Mr. Beardmore is therefore much to be pre- 
ferred. He says a stake should be driven in the still pond 
above the weir, until the top is exactly level with the top of 
the vrcir or overfall bar. The depth of the water over the 
stake can then be dipped with the 2-foot rule or any other 
instrument for reading it, and recorded either in inches or in 
hundredths of a foot. One great advantage of this method is 
this» that when the stake or mark in the still pond is once 
accurately fixed — and this should be done by means of the 
spirit-level in the ordinary manner of putting in level stakes — 
the dipping on the head of the stake may afterwards be en- 
trusted to any careful person who can read and write; whereas 
the method of dipping on the weir with the flat side of the 
rule requires extreme caution, and should not be lightly en- 
trusted in the hands of any but an experienced assistant. It 
is important to observe that the water in the still pond has 
frequently a slight inclination for several yards above the weir, 
so that the stake should be driven down where the water is per- 
fectly level and has no perceptible motion. The best formulae 
for calculating the flow over weirs are all based on the greatest 
head or depth being observed. 

M. Du Buat had assumed in the theory on which his for- 
mula was founded, that the thickness of the blade of water was 
equal to half the total depth from the crest to the top of the 
water. Mr. Blackwell made experiments on this subject by 
immersing the thin brass slide of the rule and reading the 
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ence to a table or calculation. The scale below shows how a 
rule of this description should be g;raduated, where the usual 

coefiicient 5*1 is adopted in the formula C A* = D : — 

Cabic feet per 
minute. 

Thus at 1 inch on the rule should be marked 5' I 
H „ » „ 7-14 

ly j» »» »» 9*23 

li M >. •• 11-78 

2 „ „ « M-43 

and so on. 

A rule of this description would enable an observer, by a 
single trial, to pronounce on the spot what is the approximate 
discharge of a weir, and thb without the aid of a level or any 
instrument for putting in a stake, as it would be near enough 
for this purpose to gauge over the lower edge of the weir, 
with the flat side of the rule opposed to the current. 

Where greater accuracy is required than that derived from 
a coeffident, such as 5 or 5* 1 assumed for all depths, the rule 
might have divisions corresponding to the 1*5 powers of the 
depths, or one of the faces might be so divided, in which case 
the observer might employ his own coefficient. 

It may be worth noticing that the discharge in cubic feet per 
minute is readily converted into gallons per day by multiplying 
by 9000 : thus, 35 cubic feet per minute = 35 X 9000 = 
315,000 gallons per day of 24 hours. This is an operation so 
simple, that it can readily be performed in the head without 
any great effort of mind. 

On the Employment of the Coefficient for calculating the 

Discharge over Weirs. 

Having settled the general formula for the discharge over 

weirs as C A^, it is obvious that all we have to determine from 
experiment is the value of C, without any reference to the ex- 
nression 2^ or the force of gravity. In fact, there is conside* 
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rable ambiguity in the use of this expression and the meaning 
attached to it. 

Dr. Button makes g to represent 1 6^, but Mr. Blackwell, 
Mr. Neville, and others who have written on the subject of 
weirs, have taken the value of ^ at double, or 32^. Hence, as 
the expression is only necessary to elucidate the theory of the 
subject, it is better to get rid of it altogether in practical cal- 
culations. 

Mr. Blackwell uses two coefficients, one of which he terms 
m and the other k. 

The first, m, is merely a factor, by which 8*03 is to be mul- 
tiplied to give the discharge in cubic feet per second, or by 
which 481*8 is to be multiplied, to give the discharge in cubic 
feet per minute. His other coefficient, k, is to be used when 
the depth is taken in inches, and really does dispense with the 

factor \/2y> ft^d simply means the factor by which K^ is to be 
multiplied to give the discharge in cubic feet per second. 

Hence it follows that my coefficient* for feet is equal to 
Mr. Blackwell' s m multiplied by 481*8, and my coefficient for 
inches is equal to Mr. Blackwell' s k multiplied by 60; or 
algebraically. 

My coefficient when A is in feet = 481*8 m 
99 „ A is in inches = 60 A 

Mr. Neville, in his tables of the discharge over weirs, has 

termed the theoretical discharge 321 A^ instead of 481*8 A* in 
cubic feet per minute, and his coefficients form factors by 
which 321 is to be multiplied, in order to give the discharge 
m cubic feet per minute. Hence, collecting all the correspond- 
ing values. 

In terms of In terms of 

Mr. BlackweU'8 Mr. NeviUe't 
coefficient. coefficient. 

My coefficient when A is in feet = 481*8 w 321 m 

A is in inches = 60 A 7*722 m . 



w »» 



* See Tables at pages 369 and 3 2. 
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On the Velocity at which Water %h(mldfiow in Channels. 

It is the opinion of M. Geniejs and some other hydraulic 
authorities, that in order to preserve the salubrity aiid fresh- 
ness of water flowing in open channels, the surface velocity 
should not be less than about 80 feet per minute. Dupuit, 
although not disputing the advantage of rapid motion in open 
channels, is of opinion that no very extraordinary sacrifice of 
economy ought to be made to secure such a velocity as 80 
feet per minute, and considers that 50 feet per minute would 
be sufficient, especially in aqueducts and conduits of brick or 
masonry. 

Mr. Beardmore gives a table of the characteristics of rivers, 
compiled from a paper in the ' Philosophical Transactions.* 

From this paper and the table which precedes it in Mr. 
Beardmore* s book, the following brief notes are taken. 

1. The artificial canals in the Dutch and Austrian Nether- 
lands have I* = 2 to 9*05 and V* = 30 to 40. 

2. Elvers in low flat countries, with many turns and wind- 
ings, having a very slow current, and being subject to frequent 
and lasting floods ; as, the Nene below Peterborough, where 
1=2 and V=66, section of river in feet 44 x 5*5 ; the Thames 
below Staines, where I = 1*50 to 3-73 and V = 101 to 130. 
When the volume and depth are greater, however, the velo- 
city is much increased, with only a small addition to the rate 
of fall. Thus, the Severn between Worcester and Gloucester, 
with a section of 160 x 16, has I = 5 and V = 190. 

Canals in Flanders are said to have I = 6'33 and V = 275, 
but this is probably a mistake, as the velocity is much too 
great for the fall. The Neva at St. Petersburg, with a sec- 
tion of 90p X 63, is said to have I = 17 only, and V = 156. 
The Ganges, of which the volume is much greater, with 1 = 4 
has V = 264. When the Nile is low, the section at Cairo is 
about 900 feet wide X 14 feet deep, and I = 3J, V = 110; 

* I means the fall in inches per mile, and V means the surface velocity 
in feet per minute. 
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when the river is high, the section at Cairo being 1100 x 40, 
IsS to 6. and y=800. 

Mr. Beardmoxe says, however, there are rivers of such a 
eharacter that I^1S*18 and 7=60. (This proportion between 
the inclination and velodCj could scarcely obtain unless the 
river were much impeded by aquatic plants or other obstruc- 
tions. Scarcely any river can have a section so disadvantage- 
ous as to produce an hydraulic mean depth = 1 ; and yet an 
hydraulic mean depth of 1« with an inclination of 1 foot per 
mile, will give a velocity, according to Mr. Beardmore's own 
formula, of nearly 80 feet per minute.) 

3. The upper parts of rivers in low countries, and rivers 
generally in districts baring a mean inclination between flat 
and hilly. Examples of such rivers may be found in the Dee 
abuve Chester, where 1 = 11, the Forth near Stirling, where 
I = IS, the Seine from Paris to H&vre, where I = 12'4 and 
V = 125,* the Shannon below Lough Allen, where I = 12. 
Such rivers may be taken in most countries to have a mean 
inclination of nearly 1 6 inches, and Y = 90, although this is 
often exceeded in rivers of great depth and volume. 

4. Rivers in hilly countries, with a strong current, or nearly 
straight course, and rarely overflowing. Examples : — the Lune 
above Lancaster, where I = 23 ; the Thames below Oxford, 
where 1 = 21 and V =: 176 ; the Rhone from Besan^on to the 
Mediterranean, where I = 24*18 ; f the Rhine between Stras- 
burg and Schenckenschantz, where 1= 24 ; ^ the Tiber at Rome, 
where V=197;t ^^^ Loire, where 1=242 and V=256. Mr. 
Beardmore gives as the type of such rivers 1=24*37 and V= 
1 80, but is surely not correct in saying that they rarely overflow 
—witness the Thames below Oxford and the Nene between 

'^ From an obaerratioB made by M. de Chezy on the Seine below Parii, 
namely between Surenet and NeoiUy, the fain appears to be only 7*92 
English iiushes per mile, and the Telocity 150 feet per minute. 

t The Rhone at Aries, according to Dupuit, has a yelocity at low water 
m 2^7 feet per minute, and at Bamaire V »» 511. 

X Dupuit. 
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Wansford and Peterborough, where the Tallej has I = 21*8 
i3oth these rivers are remarkable for their extensive and devas- 
tating floods, which however are doubtless due in a great mea- 
sure to the weirs built across them for purposes of navigation. 
5 . Rivers in their descent from among mountains down into 
tlie plains below, in which plains they run torrent-wise. Mr. 
Seardmore gives as the type of such rivers, I == 31*68 and 
V = 3(X), and for rivers which are absolute torrents he gives 
I = 37*27> V = 480. His table of actual rivers contains only 
two examples of such currents, namely the Nene in the oolitic 
district above Wansford, where I = 38*7, and the Rhine be- 
tween Schaffhausen and Strasburg, where I = 48. 

Artificial Canals and Aqueducts, 

The Canal de TOurcq, with a fall of 4 inches per mile, has 
a calculated velocity of 75 feet per minute, while the New 
River, according to Mr. Beardmore, with a velocity between 
the slmces of 2^ inches per mile and of 5 inches per mile in- 
cluding the sluices, has an actual velocity of 50 to 60 feet per 
minute. 

The following is a list of some celebrated Aqueducts, taken 
from Dupuit's work, showing the inclination and velocities. 



NAME OF AQUEDUCT. 


FaUin 

feet per 

mile. 


Velocity in 
feet per 
minute. 


Pont du Gard at Ntmes (Section of water 4' x 3'-4";* 
Aqueduct of Pont Pyla, Lyons (Section of water 

r-io"xr-io^)* .... 

„ „ Metz (Section of water 3'-2'' x 2'-2")* . 
,t „ Arcueil . . . ... 

„ „ Trappes 

), „ Roquencourt 

,f „ Maintenon 

„ „ Caserte, Naples, (Section of water 

3'-ll"x2'r)* .... 
„ „ Montpellier (Section of water 12" x 6") 


211 

8-80 
5-30 
2-20 
066 
1-54 
111 

110 
1-52 


120 

177 

167 

106 

80 
43 



* Velocity calculated. All the velocities in this table are mean velocities, 
which being multiplied by the area of tbe water, will give the discharge 
per minute. 
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The four first aqueducts in the preceding table are works of 
the Romans, and are remarkable for the high relodty of the 
water which flowed in them. That of Nimes in particular 
when full must have been capable of conveying about eighteen 
million gallons in twenty-four hours. 

The aqueducts of Trappes, Roquencourt, and M aintenon 
were formed for conveying the waters from various streams. 
and impounding reservoirs to supply the magnificent lakes 
and fountains in the gardens of Versailles. 

The aqueduct of Caserte was constructed by Charles III., 
King of Naples, to supply a palace which he built in the plain 
of Capua, near Naples. The aqueduct of Montpellier, which 
has a slower velocity than any of the others, supplies water to 
the town of Montpellier, consisting of 33,000 inhabitants. 

ON THE FLOW OF WATER THROUGH PIPES. 

This subject is intimately related to the flow of water in 
uniform channels, which has been already treated at some 
length ; in fact, the one subject may be termed a modification 
of the other. A pipe is simply a channel in which the wetted 
perimeter is the inner periphery of the pipe, and it follows, 
from the relation between the circumference and the area of a 
circle, that the hydraulic mean depth of a pipe when filled 
with water is simply one-fourth of the diameter, thus : 

Area of pipe __ '7854 d^ _. d 
Circumference S'\4l6d 4 * 

The hydraulic mean depth of a pipe half full is also = — 

The same eminent men who have investigated the flow of 
water in open channels, hare also applied their distinguished 
attainments to the subject of pipes. Du Buat, Bossut, Cou- 
plet, and Coulomb have shown that the same equation holds 
good with respect to water flowing in pipes as in open channels, 
and that R I = all + bV^. 

The values of the coefficients a and b in the case of pipes, 
however, are different from those which apply to open channels. 
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Thus Prony determined, from fifty>one experiments made by 
Du Buat, BoBsut, and Ck)aplet, with pipes from 1 to 5 inches 
m diameter and from 30 to 1 700 feet in length, and one pipe 
1 9 inches in diameter and nearly 4000 feet long, that a = 
00U0173314 and 6 = '000348259 ; and substituting these 
values in the above equation, it follows that U = (2871*09 

RS + -0006129)*— '0249 for measures in metres, and for 
measures in English feet 

U = (9419-75 RS + •00665)*--0816 . . (20). 

M. Prony has further simphfied this expression for the 
case of pipes in actual practice, and replaces the preceding 
equation by the following, in which the value of R is ex- 
pressed in terms of the diameter : ^ D S = '0003483 U^, or 
DS = -0013932X13 . . . (21), 

Hence U = 26*79\/D S for measures in metres ; and when 
the measures are in EngHsh feet the expression becomes 

U = 48'49v^ .... (22). 
Now if for S, the sine of the indination, / == - Y we sub« 

stitute H, the head or fall in feet per mile, we obtain 

48-49 

^^;==VI>H = U ... (23) 

= ^andH = ?:HyL' . . . (24). 

1 O xJ 

Eytelwein, who followed the same mode of investigation as 
Prony, also determined the value of a and b from fifty-one ex- 
periments of Du Buat, Bossut, and Couplet. He found* that 
for pipes a = '0000223 and d = '0002803, from which, when 
the measures are in metres, we derive 

U = (3567-29 R I + -00157)*— -0397, 
and this, reduced for measures in English feet, becomes 

U = (11704 RI + -01698)* — -1303 . . (25). 

* NeviUe. 
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The dednud *01698 maj be neglected in this eqoBtkm ; and 
if we convert it as before into terms of the diameter and of the 
fall per mile, it becomes 

V 5280 X 4 / \l-80/ ^ ' 

The common form of Ejtelwein's rule for pipes is, 

when A is the head and / the length, both in feet. 

The expression 50 d^ which is added to the denominator in 
the above equation, may be entirely neglected in very long 
pipes. Putting H for the &I1 per mile as before, and rejecting 
50 (f, Eytelwein*s form becomes 

""(^w^^G")* • • • ('" 

^ H = '"„' "• (28). 

The subject of the flow of water through pipes has also 
been investigated by Dr. Thomas Young, Sir John Leslie, and 
others. Julius Weisbach, in a recent work (' Ingenieur- und 
Maschinen-Mechanik*), takes a somewhat diflerent view from 
other writers, and proposes this formula : — 

H={.o.« + 5m«|^x_^. . (,„, 

where / is the length in feet, H the height in feet required to 
overcome friction in that length, and the other letters repre- 
sent the same as before. 
If we now take I = 5280 feet in one mile, H becomes =- 

76032 U» 90-6 U» _ 1'18 U» 1-41 U^ 

64-4 D ^ 64-4 D v'U - D "*" D • . (30). 
This formula is not materially different from Prcmy's and 
Eytelwein's, where the velocities are small, but differs consi- 
derably for high velocities. A very excellent table, calculated 
from the formula of Weisbach, is inserted in Weale's ' Engineer 
and Contractor's Pocket-book for 1855-6.' This table has 
been calculated in English measures by Messrs. Thomson and 
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Fuller, Civil Engineers, of Belfast, and shows the head required 
to oTercome friction in 100 lineal feet of pipe rarjing in dia- 
meter from 3 inches up to 30, and at rarious velocities, in- 
creasing by one-fifth of a foot per second from 2 feet np to 7. 
In tins table the head multiplied by 52*8 gives the fall per 
mile necessary to overcome friction* The table also gives the 
quantity of water delivered in cubic feet per minute, correspond- 
ing with each amount of head and rate of velocity. This dis- 
charge in feet per minute, when multiplied by 9000, becomes 
gallons in twenty -four hours. 

This table gives in all cases a greater velocity, and conse- 
quently a less head for friction, than Prony's formula. For 
example : with a velocity of 2 feet per second the following 
is the head in feet per mile required to overcome friction : — 
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Weisbach'i table. 


3 inch pipe 


• 


• • 


• 


34-79 


3600 


6 inch „ 


• 


• • 


• 


17-37 


18-00 


12 inch ,, 


• 


• • 


• 


8-71 


9-00 


24 inch m 


• 


• • 


• 


4-33 


4-50 






For Velocities 


of 3 feet per second. 




3 inch pipe 


• 


• • 


• 


71-28 


81-00 


6 inch „ 


• 


• • 


• 


35-85 


40*50 


12 inch n 


• 


• • 


• 


17-89 


20*25 


24 inch „ 


• 


• • 


• 


8-98 


1012 



For Veloeitiei cf 7 feet per second, the highest in the tables 

3 inch pipe .... 335-28 441*00 

6 inch „ ... 197*90 220*50 

12 inch „ .... 83.95 110*25 

24 inch „ «... 41*92 5512 

It will be observed that for small velocities, such as 2 and 
3 feet per second (those which are most common in the pipes 
of waterworks), the results in the table of Weisbach differ only 
slightly from those given by the more simple formulae. For 
high velocities, such as 7 feet per second, the difference is much 
greater ; but this is a velocity far too great for water flowing 
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to Eytdwcm (Equation 28), 



li ir jsr ir tui^m ior liie cfiKts cf beods and other irregula- 
-::>?- n 7tSif^ Kr. Biac^vcS jMOfiO M a to use 2*3 m the abore 
r^.uBnoL . mc ziat aUknoBoe is one vhich oertainlj errs on the 
«^ ^ai^ u ix a c^«B £iJI and djamfttfir it shows a some- 
\2^ji ji^ss^ Tuiaonr tiiA^ thai vhich Prony establishes. 

1 11.1^ imn ac^r^Jdige my obligations to Mr. Bl&ckwell 
i c 1^ TL.iii.iiie sLX^esdjfi of this very simple English form 
. z Jrcii T f ttrcfcaan. In calf^ilariTig the allowance for friction 
Ti T^jK'f :c misiifsaltte ka^gth and diameter, it was found an 
*:Lr:t<:i::^7 Ttu^r and coavement method, although suggested 
17 III;. I<iackm«ul vixLo^it any pretence to extreme accuracy. 
IIl^-ihc iaii*jT brwcvcr Ind the opportunity of comparing it 
iuii oe^uczsc it i^RcdT fiw Pnny's equation, which must 
:«: r.msiierfii the parent of it, I am induced to reproduce it 
ijtCY imi BAR cm&dcDce. 

A5 ili$ inmiiia viH be found of immense practical value in 
s:C-iiix a great Banj questions idating to the dimensions of 
^oesi. ihf ivlociCT of vatcr flowiBg through them, and the 
Lftai u« be gmn to otereomc friction, I shall briefly recapitu- 
k» :i^ svTtfal Tihies cf U, D, and H. 
Lrt r be the Tdodty in feet per second. 
D = diamecer c^ pipe in feet. 
H = inchnacioD of pipe in feet per mile. 

flKa U = >y5= . . . (31) 
D= t^ . . (32) 
Bs ^2^ . . (33) 
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Examples. — 1. Required the velocity of water issuing from 
a pipe 2 feet diameter 4 miles in length, connecting two re* 
servoirs, one of which is 30 feet ahoTe the other. 

Here D = 2, H = ?9 = 7*5, 

then U = ^ij|:5 = V6:52 = 2-55, 

the velocity in feet per second. 

A 2-feet pipe has an area of 3' 141 6 feet, and, with a ve- 
locity of one foot per second, will deliver 188'5 cubic feet 
per minute. Hence, with a velocity of 2*55, it will deliver 
188-5 X 2-55 = 480*675 cubic feet per minute, or 4,326,075 
gallons in 24 hours. 

2. Required the diameter of a pipe having a fall of 10 feet 
per mile, capable of delivering water with a velocity of 3 feet 
per second. 

Here D = -^ — as 2*07 feet, the diameter required. 

3. Required the head or fall per mile necessary to over- 
come friction in a pipe 3 feet diameter, discharging 6 million 
gallons in 12 hours. 

6,000,000 



Here D = 3 and U = 



60x4500x33x-7854 



_ 6,000,000 _ p.. . 
' 1,908,522 ' 

then H = 21X^=. 7*56. 

Hence a gravitating main, 3 feet diameter, must have a fall of 
7*57 feet per mile, or say in round numbers 8 feet per mile, 
in order to discharge 6 million gallons in 12 hours. 

If the pipe be a pumping main, the same height of 8 feet 
per mile must be added to the pumping lift in calculating the 
power of the engine required to perform the work. See ex- 
amples at page 279, where the height for friction is there 
added in computing the work to be performed by pumping 
engines. 

8 
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Ijtt Q be the discharge in cubic feet per second. Then 
ln#m Equstioo 24 (Pronj's) we derive 

Q=(-274D»H)* .... (34); 
also from Equation 28 (£ytelwein*s) we derive 

Q = C292D»H)* .... (35); 
and from Equation 31 (Blackwell's) 

Q=(-268D»H)* .... (36). 
For short lengths of pipe the following formula will be 
found useful, where d is the diameter in inches, A the height 
or frll of the pipe in feet, and / the length in feet. Then the 
disdiaige in cubic feet per minute is 

-( Arf» u 

1(0448 (I -h 4-2 <0/ ■ 
Example: Required the disduu^ of a 2-inch pipe 100 feet 

long, with a frll of 4 feet. 

Here ( iii-?? V = ('i?? ^* = 523 cubic feet. 

V0448 (100 + 8-4)/ \4M/ ^u««: ^ecu 

Let Q' be the discharge in cubic feet per minute. Then we 
have from Pronj's equation (20) 

Q'= (986 D»H)*= 31-4 (D«H)* . . (37); 
from Eytelwein's equation (24), 

Q' = (1051 D« H)* = 32-42 (D» H)* . (38) ; 
and from Blackwell's equation (27), 

Q' = (965 D» H)* = 31 (D* H)* . . . (39). 
If for H we substitute A and /, both in feet, we have only 
to multiply the coefficient in each of the above equations by 
72*66, the square root of 5280, the number of feet in a mile. 
Thus the value of Q', 

according to Prony, is 2282 ^^.^ . . . (40) ; 

V* 

according to Eytelwein, 2356 2L^) . , . (41); 
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according to Blackwell, 2252 ^^ . . . (42). 

\/^ 
Fonnula 41 is identical with the one which Mr. Beardmore 

has used to calculate his Table of Discharges (see page xTii.« 

Beardmore's 'Hydraulic Tables,' 2nd edition). 

If d, the diameter of the pipe, be expressed in inches, as is 

frequently the case, all the other dimensions being in feet, we 

have only to divide the coefficient by 12^=408*8. We then 
obtain the following values of Q' : — 

By Prony's fonnuh, 4-57 Jl^ = Q' . . (43) 



Eytelwein's, „ 472 ^^^-^ = Q' 



BlackweFs „4-51^^i^ = Q' . . (45) 

Neville's „ 4-81 ^^^ = Q' . . (46) 

Formula 44 is the same as that which has been derived 
from Eytelwein's equation for short lengths, in which the 
diameter exceeds Toirth part of the length, namely 



^ I -0448 (i+4-2 d) } 



Here '0448 = r — ^rr-^, or the reciprocal of the square of 

(4'72)* 

Eytelwein's coefficient. 

Eytelwein's formula 44 is also identical with that given 
by Mr. Pole, where 2, the length, is expressed in yards, d 
in inches, and h in feet as before. (Paper iu < Journal of 
Gas-Lighting,' 10th June, 1852.) 

Mr. Pole's form is. 

Here 2*72 = 4*72 -j- \/S, or equal to Eytelwein's coefficient 
divided by the square root of 3. 

8 2 
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Tablb II. 



3dl 



Showmg the Power of Comtek Bngmee working with a load of 18 Jbe. per 
equare inch on the Pieton, and an effective Velocity of 110 feet per minute. 
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Tablb III. 

Showing the Power of Cornish Engines working with a had of 17 lbs. per 
square inch on the Piston^ and an effective Velocity of llO feet per minutSk 
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Tablb IV. 

Showing the Power of Cornish Engines working with a had ofl6lb8.pe§ 
square inch on the Piston, and an ^ective Vehdty of 110 feet 



Dismeter 
of Cylinder 
in inches. 


Area of 
Piston in 

square 
inch«>s=a. 


Horse Power 
«xi6xli 

8300 


Diameter 

of Cylinder 

in inches. 


Area of 
Piston in 

square 
inches = a. 


Horse Po^ er 
axiOxii 

8300 


45 
46 
47 
48 
49 
50 
51 
52 


1590 
1662 
1735 
1810 
1886 
1963 
2043 
2124 


85 

88 

92 

97 

100 

103 

108 

113 


53 
54 
55 
56 
57 
58 
59 
60 


2206 
2290 
2376 
2463 
2552 
2642 
2734 
2827 


118 
122 
127 
131 
136 
141 
146 
151 




m#A m had ^ 15 Of. jmt 
^tHme rekeii^^fllOfeeiper mhuUe, 



^»»M^^^imm- 




5«r*:^ 


1 

• 


Am of 
FMoo IB 


Hone Power 


» 


li •" 




« % * » -* 


•rf v'^L.^^icr 




• X 15X11 


* a^-»- 


IXr3t9-S&. 


*" 


1 ^ 
1 


»2:s. 


33M 


1 


lU 


i**^ 


141 


81 


5153 


259 




V. 


*,>.># 


l4i 


82 


5281 


264 




12 


? » 




S3 


5411 


271 




C- 


•• 


:m 


84 


5542 


277 1 


»« 




iti 


85 


5675 


283 


^^ 


k: < 


ii«j 


86 


5809 


290 




»« 


5-i: 


■ 


81 


5945 


297 




•T 


K.^ 


i:i 


SS 


6082 


304 




»■*■ 


>»>.r^ 




8» 


6221 


311 




VJi 


:r.» 


* - m 


90 


6362 


318 




"•J 


:«--> 


I**i 


91 


6504 


325 




- 




:« 


92 


6648 


332 




«^ 


♦•"1 


••4 


93 


6793 


339 




*-* 


*-"S> 


i* •• 


94 


6940 


347 




"* 


4.-' : 


*:> 


95 


7088 


354 




m 


♦* * 


i!t 


96 


7238 


361 




*•> 


4.>. ^ 


*»*• 


97 


7390 


369 




— 


*>C~ 


i-N? 


98 


7543 


377 




> 


**-^ 


i5U* 


99 


7698 


384 




'H 


v*':i 


24> 


IM 


7854 


392 




«l 


*f;si» 


ta 











APPENDIlt. 



893 



Tablb YI. 

HOKSB-POWSK OF CoBMISH StBAM-EnGINSS. 

By Mr, John DarUngton, 

The following Table has been compiled with the object of furnishing 
an approximate value of the power in horses rendered by Cornish Pump- 
ing Engines having cylinders from 15 to 100 inches diameter. The 
elements employed for the calculations are those most usual with Cornish 
engineers ; and the efTectiye horse-power per stroke is given, that the in- 
quurer may ascertain the total value of horse-power resulting from work- 
ing any given namber of strokes per minute. The steam in most of the 
Cornish Pumping Engines is only permitted to act on one side of the pis* 
ton ; hence snch mode of working is technically termed " single acting.'^ 
Recently however it has been considered that equal economy is obtained 
by introdiidBg the steam on both sides of the piston, and a few engines 
are in operation on this principle. The horse-power of such (double- 
acting) engines may be found by doubling the results given in the Table. 

Horte-Power, Load in Pounds, and Speed per Minute of Cornish ** Single 
dieting" Expansinfe Steam Pumping Engines^ having Cylinders firom 15 
inches to 100 inches diameter. 

Initial Presenre of Steam, SO lbs. per sq. inch. Temp. 251-0°. Full Pressure of Steam, 
1.4th of stroke.— Mean Pressure of Steam, 17*8 lbs. less 1-Sth friction = 14*34 lbs. 
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Tabls VI. — Contmued. 



•?.• 


li 


inder. 


ih - 


Strokes per 
Minute. 


Speed per 
Minute 
in Feet. 


Heme Power. 


EffeetiTe Horse 
Power per Stroke. 


it 

In. 


Length of !: 
in CyUnd 


5 

1 


©•■©a 


Economical 
Working. 


Safe 
Working. 


Economical 
Working. 


Safe 
Working. 


Economical 
Working. 


Safe 
Working. 


Ft. 


In. 


lbs. 




Ft. 


Ft. 






66 


10-5 


3421-2 


48,716 




9i 


84 


200 


62-00 


147-62 


15-500 


67 


10-5 


3525-6 


50,204 




n 


84 


200 


63-89 


152-13 


15-974 


68 


10-5 


3631-6 


51,712 




n 


84 


200 


65-81 


156-70 


16-453 


69 


10-5 


3739-2 


53,246 




H 


84 


200 


67-76 


161-35 


16-941 


70 


11 


3848-4 


54,800 




9 


88 


198 


7306 


164-40 


18-266 


71 


11 


3959-2 


56,379 




9 


88 


198 


75-17 


169-13 


18-793 


72 


11 


4071-5 


57,978 




9 


88 


198 


77-30 


173-93 


19-326 


73 


11 


4185-3 


59,598 




9 


88 


198 


79-46 


178-79 


19-866 


74 


11 


4300-8 


61,240 




9 


88 


198 


81-65 


183-72 


20-413 


75 


11 


4417-8 


62,909 




9 


88 


198 


83-87 


188-72 


20-969 


?6 


11 


4536-4 


64,592 




9 


88 


198 


8612 


193-77 


21-530 


77 


11 


4656-6 


66,310 




9 


88 


198 


88-41 


198-93 


22-103 


78 


11 


4778-3 


68,036 




9 


88 


198 


90-71 


20410 


22-670 


79 


11 


4901-6 


69,798 




9 


88 


198 


93-06 


209-39 


23-206 


80 


11.5 


5026-5 


71,578 




8i 


92 


196 


99*77 


212-56 


24-943 


81 


11-5 


5153-0 


73,378 




8* 


92 


196 


102-28 


217-91 


25-571 


82 


11-5 


52810 


75,201 




8i 


92 


196 


104-82 


223-32 


26-206 


83 


11-5 


5410-6 


77,046 




8* 


92 


196 


107*39 


228-80 


26-849 


84 


11-5 


5541-7 


78,913 




8* 


92 


196 


110-00 


23404 


27-499 


85 


12 


5674-5 


80,804 




8 


96 


192 


117-53 


23506 


29-383 


86 


12 


5808-8 


82,717 




8 


96 


192 


120-31 


240-63 


30-078 


87 


12 


5944-6 


84,651 




8 


96 


192 


12312 


246-25 


30-782 


88 


12 


60821 


86,609 




8 


96 


192 


125-97 


251-95 


''I -494 


89 


12 


62211 


88,588 




8 


96 


192 


128-85 


257-71 


32-213 


90 


12 


6361-7 


90,590 




8 


96 


192 


131-76 


263-53 


32-941 


91 


12 


6503-8 


92,614 




8 


96- 


192 


134-71 


269-42 


33-677 


92 


12 


6647-6 


94,661 




8 


96 


192 


137-68 


275-37 


34-422 


93 


12 


6792-9 


96,730 




8 


96 


192 


140-69 


281-39 


35-174 


94 


12 


6939-7 


98,821 




8 


96 


192 


143-73 


287-47 


35-935 


95 


12 


7088-2 


100,925 




8 


96 


192 


146-80 


293-60 


36-700 


96 


12 


7238-2 


103,071 




8 


96 


192 


149-92 


299-84 


37-480 


97 


12 


7389-8 


105,230 




8 


96 


192 


15306 


30612 


38-265 


98 


12 


7542-9 


107,410 




8 


96 


192 


156-23 


312-46 


39-058 


99 


12 


7697-7 


109,615 




8 


96 


192 


159-44 


318-88 


39-860 


100 


12 


7854-0 


111,840 




8 


96 


192 


162-67 


325-35 >40-669 
1 



AQA 



Taxu ov tkb Tibld or Ohalk Wbllb. 






Yield in ffal 
Ions per day. 



Asitbotltf, 



AmweUHiUWeU . 



Amwell End Well . 
CheshiiDt Well 
Tottenham Court Koad* 
Southampton . 

Camden Stationf . 
Brighton 

Plumatead Common 
Beid'a Brewery 
Truman and Hanhury . 
Experimental Well at 
Watford 



2,400,000 



2,500»000 
702,000 
630,000 
288,000 

800,000 
232,000 
600,000 
277,200 
166,320 

1,800,000 



Evidence of J. Muir, Esq., 
before the Royal Com- 
mission on Water snpply. 
B. W. Mylne, Esq. 
Ditto. 
Ditto. 
< Hampshire Independent,' 

May, 1841. 
Mr. Paton. 
Mr. B. Stephenson. 
Mr. Homersham. 
Mr. Braithwaite. 
Mr. Dayidson. 

Mr. StephensonftMr. Paton. 



List of bomb of thb p&inoifal Chalk Sfbings in England. 
1. SittMte on the Long Slope of the Chalk, 

Leatherhead, close to Guildford Boad. 

Croydon, near the church. 

Carshalton. 

Orpington. 

Birchington, Isle of Thanet. 

Bedhampton, near Portsmouth. 

Chadwell, near Hertford, yielding firom 2,700,000 g^lons np to 4} 
million gallons per day. 

Woolmers, in the valley of the Iiea, yielding 2,700,000 gallons per day. 

Biver Lea, above Luton, chiefly spring water, yielding 5,400,000 
gaUouB per day. 

Bourne Stream, Biddlesdown, 2,025,000 gallons per day. 

Grays Thurrock springs, now pumped up for the supply of Brent- 
wood, Bomford, &c., capable of yielding 7,000,000 gallons a-day. 

2. Springe eitttate on the Escarpment side, or Short Slope of the Chalk. 
Bourne Mill, near Famham. 
The Holy Well at Kempering, on the south side of the North Downs. 



• In 1843 Mr. Mylne stated the yield of this well was 423,360 gallons 
per day. The spring was met with 234 feet below the surfece. 

t Well sunk 180 feet deep down to the chalk, then bored 200 feet 
deep in ohalk. 
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Lydden Spont, near Folkestone. 

The Holy Well, Beachej Head Cliff. 

Nine WelU, near Cambridge, yielding 423,000 gaUont per day aooord- 
ing to my gaugings in October, 1854. 

Cherry Hinton, near Cambridge, yielding 70i/MM gallons per day ao- 
eording to my gaogings in October, 1854. 

Godstone, Surrey. 

Cheriton, near Folkestone. 



SOUTH STAFFORDSHIRE WATERWORKS. 

SPSCIFICATION OF ENGINES, BOILERS, AND PUMPS. 

This Contract comprises the making, erecting, and setting to work of one 
pair of engines, with boilers and pumps complete, capable of delivering in 
twelve hours' work 2,500,000 gallons of water through the main pipe, 
under a bead on the pumps, including the friction of the water in the 
pipes, of 355 feet. 

The engines are to be erected on a certain plot of land called Sandgate, 
adjoining the South Staffordshire Railway, and lying about halfway be- 
tween the Hammerwich and Lichfield Stations of that Railway, and bounded 
on one side thereof by the Lichfield Branch of the Birmingham Canal. 

The general arrangement and design of the engine, &c. is shown on the 
drawing attached to this Specification. 

The engines are to be condensing and expansive double-acting beam 
engines, coupled together and working with cranks on the same crank- 
shaft, with one fly-wheel between them. 

The connecting-rods are to be made so that either engine can be easily 
disconnected at the crank-pin ; and either engine must be able to work 
alone as well as in conjunction with the other; and when working alone 
must be able to perform one-half of the work specified for the pair. 

Each engine to have one steam-cylinder without jacket. The steam- 
valves to be double-beat gun-metal, with proper nozzles complete, and 
throttle and expansive gearing, so as to cut off the steam at any required 
portion of the stroke. 

The air-pump valves to be formed of vulcanized india-rubber flaps, 
working on gun-metal gratings. 

The principal dimensions of the engines are to be as under : — 

Steam-cylinders 41 inches diameter each ; length of stroke of ditto, 8 
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Tabli L — ContinuetL 



Odlonsliflad 


Hone 


Ifoothigfa 


Power 


in 14 houn. 


required. 


4»100,000 


•8628 


4,150»000 


•8733 


4,200,000 


•8838 


4,250»000 


•8944 


4,300,000 


•9049 


4,350,000 


•9154 


4,400,000 


•9259 


4,450,000 


•9365 


4,500,000 


•9470 


4,550,000 


•9575 


4,600,000 


•9680 


4,650,000 


•9785 


4,700,000 


•9891 


4,750,000 


•9996 


4,800,000 


10101 


4,850,000 


10206 


4,900,000 


10312 


4,950,000 


10417 


5,000,000 


10522 


5,050,000 


10627 


5,100,000 


10732 


5,150,000 


1^0838 


5,200,000 


1*0943 


5,250,000 


11048 


5,300,000 


11153 


5,350,000 


11259 


5,400,000 


M364 


5,450,000 


11469 


5,500,000 


11574 


5,550,000 


11679 


5,600,000 


11785 


5,650,000 


11890 


5,700,000 


11995 


5,750,000 


1-2100 


5,800,000 


1-2206 


5,850,000 


1-2311 


5,900,000 


1-2416 


5,950,000 


1-2521 


6.000,000 


1*2626 


6,050,000 


1*2732 



Gellone Ufked 

1 foot high 

in 24 hours. 



6,100,000 
6,150,000 
6,200,000 
6,250,000 
6,300,000 
6,350,000 
6,400,000 
6,450,000 
6,500,000 
6,550,000 
6,600,000 
6,650,000 
6,700,000 
6,750,000 
6,800,000 
6,850,000 
6,900,000 
6,950,000 
7,000,000 
7,050,000 
7,100,000 
7,150,000 
7,200,000 
7,250,000 
7,300,000 
7,350,000 
7,400,000 
7,450,000 
7,500,000 
7,550,000 
7,600,000 
7,650,000 
7,700,000 
7,750,000 
7,800,000 
7,850,000 
7,900,000 
7,950,000 
8,000,000 
8,050,000 



Hone 

Power 

required. 



1*2837 
1*2942 
1*3047 
1*3153 
1-3258 
1-3363 
1-3468 
1*3573 
1-3679 
1-3784 
1-3888 
1-3993 
1*4008 
1-4204 
1-4309 
1*4414 
1*4519 
1-4625 
1-4731 
1-4836 
1-4941 
1-5046 
1*5152 
1-5257 
1*5362 
1*5467 
1-5573 
1-5678 
1*5783 
1*5888 
1-5993 
1-6099 
1*6204 
1*6309 
1*6414 
1*6520 
1-6625 
1-6730 
1-6835 
1-6940 



Oalloiu lifted 

1 foot high 

in 24 hours. 



8,100,000 
8,150,000 
8,200,000 
8,250,000 
8,300,000 
8,350,000 
8,400,000 
8,450,000 
8,500,000 
8,550,000 
8,600,000 
8,650,000 
8,700,000 
8,750,000 
8,800,000 
8,850,000 
8,900,000 
8,950,000 
9,000,000 
9,050,000 
9,100,000 
9,150,000 
9,200,000 
9,250,000 
9,300,000 
9,350,000 
9,400,000 
9,450.000 
9,500,000 
9,550,000 
9,600,000 
9,650,000 
9,700,000 
9,750,000 
9,800,000 
9,850,000 
9,900,000 
9,950,000 
10,000,000 



Horse 

Power 

required. 



7046 
7151 
7256 
7361 
7467 
7572 
7677 
7782 
7887 
7993 
8098 
8203 
8308 
8414 
8519 
8624 
8729 
1-8834 
1*8940 
1-9045 
1*9150 
1*9255 
1-9360 
1-9466 
19571 
1-9676 
1-9781 
1*9887 
1-9992 
2*0097 
2*0202 
2-0307 
2*0413 
20518 
2.0623 
2-0728 
20834 
20939 
21044 
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Tablb II. 

Showing the Power of ComUh Engmee working with a load of IS Jb$. per 
equare inch on the Piston, and an effective Velocity of 1 \Ofeet per minute. 



Diameter 

of Cylinder 

in indiea. 


Area of 
Cylinder in 

square 
incnes=«. 


Horse Power 
of Eng:ine 

• X18X11 

33«0 


Diameter 

of Cylinder 

in inches. 


Area of 
Cylinder in 

square 
inches = a. 


Horse Power 
of Engine 
axisxil 

3300 


15 


177 


11 


23 


415 


25 


16 


201 


12 


24 


452 


27 


17 


227 


14 


25 


491 


29 


18 


254 


15 


26 


531 


32 


19 


284 


17 


27 


573 


34 


20 


314 


19 


28 


616 


37 


21 


346 


21 


29 


661 


40 


22 


380 


23 









Table III. 

Showing the Power of Cornish Engines working with a load of 17 lbs. per 
square inch on the Piston, and an effective Velocity of 1 10 feet per minutsk 



Diameter 

of Cylinder 

in inches. 


Area of 
Cylinder in 

square 
inchessa. 


Horse Power 
of Engine 
• XI7X11 

3300 


Diameter 

of Cylinder 

in inches. 


Area<tf 
Cylinder in 

sauare 
incnessa. 


Horse Power 
axi7xii 

3300 


30 
31 
32 
33 
34 
35 
36 
37 


707 
755 
804 
855 
908 
962 
1018 
1075 


40 
42 
45 
48 
51 
54 
58 
61 


38 
39 
40 
41 
42 
43 
44 
45 


1134 
1195 
1257 
1320 
1385 
1452 
1521 
1590 


64 
68 

71 
75 

79 
82 
86 
90 



Tabls IV. 

Showing the Power qf Cornish Engines working with a load of 16 Ids. pet 
square inch on the Piston, and an effective Velocity of WO feet. 



Diameter 

of Cylinder 
in inches. 


Area of 
Piston in 

square 
inch^=a. 


Horse Power 
«xi6xil 

8300 


Diameter 

of Cylinder 

in inches. 


Area«f 

Piston in 

square 

inches— a. 


Horse Po^er 
axiOxii 

3800 


45 
46 
47 
48 
49 
50 
51 
&2 


1590 
1662 
1735 
1810 
1886 
1963 
2043 
2124 


85 

88 

92 

97 

100 

103 

108 

113 


53 
54 
55 
56 
57 
58 
59 
60 


2206 
2290 
2376 
2463 
2552 
2642 
2734 
2827 


118 
122 
127 
131 
136 
141 
146 
151 
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perfeetly tight under a pressnre of 80 lbs. per sqfuare indi before tber •- 
fixed. 

All the boiler plates are to be (rf the best Staffordshire iron, with the 
exception ot those over the flre» which are to be of Lowmoor iron. 

The tteam-pipes are to communicate with each boiler by means of a 
steam-Talve, and a similar steam throttle-Talve is to be provided for each 
engine in the engine-house, so that either engine may be worked from any 
boiler. 

Similar arrangements are to be made to enable any boiler to be fed by 
either engine. The blow-off hot and cold feed most be so arranged with 
proper stopcocks, as all to enter the boiler through one junction-pipe to 
be attached to the bottom of the boiler at the front end. 

A wrought-iron expansion flange to be provided and riveted on the 
main range of steam-pipes between each boiler. 

Each boiler to have two cast-iron man-hole lids riveted on over the top 
of the boiler, and one wrought-iron man-hole and clench plate to be fixed 
in part of the boiler below and between the tubes. 

Each boiler to be fitted with one blow-off valve attached to one of the 
man-hole lids 5 inches diameter ; three brass gauge-cocks, a gflass guard- 
gauge, and fioat-gauge and whistle to be attached to each boiler. The 
ash-pit to be covered with strong smooth cast-iron plates. 

Approved steam and vacuum gauges to be provided and fixed in the 
engine-house. A complete set of spanners to fit every sized nut in the 
engine and pump-woik, to be arranged upon a cast-iron plate and fixed 
against the wall of the engine-house. Two sets of firing-irons, a set of 
taps and dies, with hammers, files, chisels, and vice to be provided. A 
set of small brass oil-cups and siphons with spring lids to be affixed to all 
the principal bearings. A well-gauge and float is to be fixed so as to be 
seen in the engine-house. An iqpproved counter to be affixed to each en- 
gine-beam, so that it cannot be worked except the engine is worked. 

The following duplicates are to be provided: — A set of main pump 
buckets and clacks ; ditto for cold water. pump; a duplicate valve of each 
description of steam and stop-valve throughout the engine ; a dozen glass 
tubes for guard-gauges ; twelve bolts and nuts for cylinder covers, six for 
pistons, twelve for clack doors, six for plunger glands. 

The engine cylinders and all the steam-pipes are to be covered with 2 
inches thickness of felt and canvas, to prevent the radiation of heat, 
lagged on the outside with 1 inch wrought and bead deal lagging well 
'jooped round. 

All the work is to be painted once before leaving the contractor's pre- 
mises, and is to receive two more coats of oil-paint after being fixed, — the 
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finishing oolour being such as may be approved bj the Compaoy's en- 
gineers. 

This specification is intended to describe generally the engines, pumps, 
and boilers required, bnt is to be understood that the contractor is to pro- 
vide and fix complete every kind of iron-work, steam-feed, condensed and 
waste-water pipes, suction pipes, delivery pipes, foundation plates, washers, 
furnace and boiler fittings, dampers, girders, floor plates, and apparatus of 
every kind in the engine and boiler-house and well, that are required to 
make the works complete in every respect, and capable of performing the 
duty required, although many of the details may not be specially described 
in this specification. 

All the work described in this specification is to be made with the best 
materials and workmanship, and is in all respects to be subject to the 
approval of the Company's engineers, and to their inspection at all times 
during the progress of the work. 

It is to be understood that no earthwork, bricklayers' work, masons' or 
builders' work is included in this specification. This part of the work is 
to be executed by the Waterworks Company ; but the contractors for the 
engines shall, within one month of signing the contract, supply the Com- 
pany's engineer vrith a detail working drawing, showing the entire engines, 
boilers, and pump- work, together with the masonry and brickwork required 
for the foundations and boiler seatings, with the position of all foundation 
plates and holding-down bolts clearly marked on. 

The engineers shall have full power to alter, vary, diminish, or increase 
the works, without in any way releasing the contractors from the respon- 
sibility and conditions attached to this contract ; any additions to or de 
ductions from the amount of works included in this contract which may 
be made by an order in writing by the engineers shall be added or de- 
ducted from the amount of the contract according to the schedule of prices 
attached. 

The whole of these works are to be delivered, fixed, and set to work on 
the site before mentioned on or before September 30, 1856. 

Payment to be made upon the certificate of the engineers as follows : — 
30 per cent, of the contract amount immediately work to that value shall 
have been delivered upon the ground; an additional 30 per cent, when the 
whole of the work shall have been delivered ; a further instalment of 30 
per cent, when the engines shall have been started, and are working to the 
satisfaction of the engineers. 

The balance by two equal instalments, one at the end of six months, and 
the other at the end of twelve months from the period of starting the en* 
gines, and during wMch period the contractors will be responsible for the 
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enginet tnd have to keep them in good reptir; and the balance abov« 
mentioned ihall only be paid proTided tde eontraeton tbaU hsve fill. 
iUed all the eonditiona of the contract to the satisfiction of the Engineen, 
And In case of any ditpnte at to any matter of accoont between the Com* 
pany and the contractor, the same shall be referred to the engineexi 
wlioae decision shall be final and binding betweea both parties. 
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Adits from tlie iMttoms of we/to, 160, 22S. 
Albany Works, power ot engines for, 288. 
American engineers in calculating power 
of engines, practice of, 287. 

engines, calculation of power 

■ non- condensing, 290. 
table Bliowing cost of, 



in, 285. 



293. 
298. 



I remarks on cost of, 

' pumping engines, duty of, 253. 
Waterwor&fl, dnonage-area in, 

. ■ — reservoirs of, 834. 

Ancient modes of procuring water from 

wells, 4. 

wells, £wbank's description ot, 

— of Africa, New tiolland, 



831. 



5. 



etc., 5. 



. canals of Egypt, 7. 

Aqueducts and artiUcial canals, 870. 
^ table of dimensions, and Te- 
locity ot water flowing in, 379. 

- deschi^tion of Aoman, 9. 

• in Syria, 8. 

• of ancient Borne, 8. 
-of Segovia, Seville, Mimes, 

filetz, ana Lyons, 11. 

. New River, 10. 

Peruvian, 12. 

to supply Samos, 8. 



Artesian borings at (Crenelle and Calais, 

■ on west side of liondon, 

^^_ .1 near London, heignt to 

wnicH tlie water rises in, 37. 

wells at Kissingen, in iiavaria, 



34. 



Itftf. 



173. 



Thames, 173. 
between, 174. 



cost of various, 182, 186. 
■ derivation of the name, 

in tne valley of the 

and borings, distinction 

PegoQzee and Laurent^ 



prices for bonng, 187. 

description of, 20. 

. ■ in tbe oasis of Thebes, 7. 



Artesian wells of Cambridge, 70. 

sunk into the Lower 

Greensand at Wrest Park, SO, 222. 

down to Lower Qreen- 



sand, estimated yield of, 90. 
Atmospheric pump, 281. 

Bagshot Sand formation, 61. 

■ of Surrey and Hants, 62. 

— — ^— — — proposed gathering ground 
on the, 68. 

as a gathering fipx}und, 68. 

estimated quantity of water 



capable of being yielded by the, 64. 

cost of bringing water from 



the, 84. 
the, 65. 



- chemical evidence as to 

supplying Famham, water 

from the, 65. 

examined by Mr. Napier, 



87. 

district, Mr. Napier's gaug- 

ings in the, 68. 
waters, estimate of cost 



and gaugings by various engineers, 71. 
scheme, Bateman's report 



on the, 72. 

waters, hardness of the, 73. 

migbt supply numerous 



small towns, 74. 
Bateman's report on the Bagshot scheme, 
and gaugings of the waters, 72. 

— observations as to volume and 
hardness of Bagshot and Lower Green- 
sand waters, 73. 

report on Hastings sand and 



district of St. Leonard's Forest, 74. 

Baumgarten's experiments on the velo- 
city of rivers, 364. 

Beams of pumping-engines, 800. 

Beardmore's observations and gaugings 
of chalk-streams, 44. 

— table of rivers, 826. 

■ on gauginff rivers, 357. 

. ^ table for discharge througk 

sluices, 859. 
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table of the characteristics 

of rivers, 877. 
Belmont reservoirs, capacity of, 888. 
Binney on the New Bed Sandstone of 

Cheshire, 116. 
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OHaala and lakes of Egypt, ancient, 7. 

and aqnedncts, aitificial, 379. 

GaibonifiBroaB district of Gower, 23. 
^^-^^-^— Umestooe diatcicts, dire^ 

tioncf atream&in,52. 
aa a gatherin 

gravod, difltads (tf, 165b 

— passage of wat< 



through the, 168. 



169,170. 



- ^riogs of the 

' rocks, minerals, compo6iti(s 
and extent of, 166. ^ 

Cardii; eopfily ai water to, 126b 

wocka designed by the late ICr 

James Sin^ecoi at, 126. 

gradnal extension of -works at 

sncoeasfiil applicatioii of tin 
"coostant system " at, 127. 

cost and deacripti<Hi of wotrfcs al 



126. 



127,128. 

average dafly sai^y act, 128. 



Gulisle, Bi^^yof water to, 128. 
Chalk-^ain^ and dialk formation, 24. 
' inriination of the line of satanh 
tion in the, 30. 

wells between Sittangboame and 

llaidat<uie, 29. 

exhansted by pmnpin^, .32. 

-mode in wbich water permeates 



tfaroqgfa, 33. 

■ of Watfovd, borings made in the, 

and Tertiary Strata, faolts in, di^ 
at various points in and near Lcn- 



33. 



don, depths cf , 36. 

near London, faults and di8t7]:{>' 



ances oL 38. 

hydrographical differences in the. 

M. 

■ position of the Qaolt Tory impor- 
tant with reference to the, 41. 

districts, direction of streams 

fluwiog tbrongfa, 42. 
— nom invisible ^rirgs. 

increaae of volnme derived by lif^es 

in, 44. 
— ,,— between Maideiib«i 

and Saffion WaIden,diBtm*baQce ot\ ^ ' 
streams, dischuige of, 45. "^ 

■ towns having springs on the k^ k 
dope of the. 48. ' 
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ChHlk-raDffes, springs on the escarpment 

side of me, 49. 
formation all over the world, 

great extent of the, 52. 

in France, Spain, North and South 



America, 53. 

in the London basin, deposits above 



the, 54. 

springs near Cheriton, 85. 

and clay as to pexmeabilityy com- 



parison of, 140. 

wells and springs, tables of, S96. 

Channels, motion of water in miiform 

open, 351. 
velocity with which water 

should flow in, 377. 
Chelsea Water Company, water pmnped 

by, 273. 

Waterworks, new reservoirs of 



the, 339. - 
filter-beds of tKe, 

345. 
Chester, supply of water to, 128. 
Chicago, pumping-engines at, 254. 
Cirencester, sup^ of water to. 107. 
Clarke. Jacob's Well described by Dr., 6. 
Clay, tiie London, 59. 
Clatterbock on the water-level in ohalk- 

wells, 22. 

>— on the valley of the Colne, 26. 

Coal-measures, effects of faults in, and 

principal towns on, 167. 

formation, water of the, 166. 

Collecting water, expense of, 1. 

rain-water, expense o^ 2. 

Colne, watershed of the river, 16. 
Condensing-engines for pumping water, 

25o 
[Cone theory in well sinking, 160, 161. 
Constantinople, ancient works for the 

supply of, 11. 
CoraJ. J&ag, thickness of the, 103. 

— — of Berkshire and Wilts, 97. 

- - structure, composition, and 

water derived from the, 104. 
Combrash, description of the, 105. 
C^ornish mines, yield of water by the, 

229. 

■ — engines, abandon of the system 

of reporting, 230. 

engine at East London Water^ 



works, 255. 



of, 257. 



experiments on working 

at East London Works, 
drawing of, 258. 

— ^— working power of, 276. 

Darlington's table of, 277. 

— « — — on the properties of, 278. 

— table cf proportions 



adopted in, 279. 

gradual improvement in 



the duty of, 806. 

— work performed by, 313. 

■ — ■ ■ ' comparative cost of, 818. 

— — tables of horse-power of. 



^^91. 



— — Darlington^ table of, 893. 
pumping-engines, Hocking on 



the annual worldug-cost of, 321. 



Coventry, supply of water to, 128. 

■ artesian wells and amount an* 

nually pumped at, 128, 129. 
Crag formation of Norfolk and Suffolk, 

75. 
Curb, origin of sinking wells by means 

of a, 5. 
Current meters, gauging by means of, 862. 
acting as dynamometers, 

364. 
Cuttings, indications as to permeability 

in the face of, 146. 

DaIton*s experiments on evaporation and 

infiltration, 14. 
-— — ^ gauges kept by Mr. Dickinson, 

28. 
Darlington's table of horse-power of 

Cornish steam-engines, 893. 
Darlington, siq>ply of water to, 129. 
D'Aubuiason, methods of gauging de- 
scribed by, 366. 
Davidson's ooservaticms on London wells, 

81. 
Dean of Westminster on the subject of 

the London chalk basin, 29. 

on the Kimme- 

ridge clay, 103. 
De la Beche on the Elnmieridge clay, 

103. 
De la Condamine's paper on dislocations 

of the Tertiary Strata, 36. 
Depositing reservoirs of the Chelsea 

Company, 347. 
Derby, supply of water to, 129. 
Diagram illustrating the causes which 

give rise to springs, 17. 
illustratinff the origin of springs. 

Dr. Buckland's, 18. 

illustrating the rise of water in 



wells, 20. 

showing line of saturatiim in 



porous strata, 20, 21. 

showing the occurrence of 



springs thrown out by faults, 22. 

showing secdon from Tring to 



Sevenoaks, 35. 

showing the influence of faults 



in the Tertiary Strata, 89. 

illustrating the occurrence of 



springs on the long slope of the chalk, 
47. 

showing the occurrence of 



springs on the escarpment side of 
chalk-ranges, 49. 

illustrating the {dienomena of 



intermittent springs, 51. 
Dickinson's experiments on evi^ration 

and infiltration, 15. 
————— gaoffes k^ by Mr., 28. 
Diluvium covermg Lower Greensand, 84, 

87. 
D'Orfoigny on the Trias and Permian 

groups, 116. 
Drainage-area of the Watford district, 

Telford on the, 16. 
•^— — — — works obtaining a supply 

from, 827. 
Drift-gravel covering the London Clayi 

wells in the, 60. 
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Drifb-gntTel seldom gives rise to over> 

flowing Artesian w^, 61. 
. corering Trias and Permian 

rocks, water in, 147. 
DvAy of engines at WoWeiliampton 

Waterworics, 240. 
■ at East London Water- 



woiIes, 246. 

of pfomping engines, 803. 

and consnmpaon of Inel, relation 

between, 310. 
of various engines, table of, 811. 

East London Waterworks, Cornish en- 
gine at, 256. 

- — _^— — — — — ^ cost at pump- 
ing at the, 816. 

Company, water pumped 



by, 273. 

Egypt, ancient canals and lakes of, 7. 
Embankments of impounding reservoirs, 

334. 
Engineers, table of proportions adopted 

by Comish, 279. 
Engine-power at waterworks, surplus, 

1&8. 
————— of the London Companies, 

comparative, 274. 
Engines of the Wolverhampton Water- 
works Company, 241. 
^— ' at Birmingham, pumping, 245. 
■ Waterworks, 

description of, 247. 

at East London Waterworks, 



pumping, 246. 



of Boulton and Watt's, 247. 



drawing 
— draw- 



ing of Comish, 258. 

duty of American pumping, 258. 

at Chicago and Brooklyn, 254. 

on calculating the power of, 269. 

mode of calculating the power 



of pumping, 276. 

proportions of Comish, 278. 

expansion of steam in working, 



284. 



calculation of power in Ameri- 
can, 285. 

■ Haswell's formula for calculating 



power of, 286. 

- for Albany and Brooklyn Works, 



288. 



of, 292. 



non^condenslng American, 290. 
for pumping water, on the cost 



293. 



of, 298. 



table of the cost of, 
remarks on the cost 



of the South Staffordshire 
Waterworks, 299. 

beams of pumping, 300. 

duty of pumpmg, 803. 

work performed by Comish, 818. 

comparative cost of Comish, 318. 

Hocking on the annual esqpenses 



of Comish pumping, 821. 

• tables_of horse-power of Comishj 



891. 



Engines tablet of horse-power <rf Dar 

lington*s, 393. 
— ^ of South Stafforrlahire Work; 

speciflcationB for, 897. 
Eve^ration, 4. 
— — — ^^ of rain, 13. 

Dalton*s experiments on, 14 
■ Dickinson's experiments on 

15. 
£wbank*s description of ancient wells, 4 
Exeter, supply of water to, 129. 
Expansion of steam in engines, 284. 
Experiments much required on the pas 

sage of water through sluices, 361. 
on weirs, 368. 

Faults, springs caused by, 19, 22, 23. 
— — in the chalk and Tertiary Strata 

86. 
and ditttnrbances of the chall 

near London, 88. 

at Le wiaham and New Gross, effisd 



of, 88. 

diagram showing influences of, 39, 

in the London basin, on the twc 



principal. 40. 

(« the New Bed Sandstone inflii" 



encing the height of water in wells, 147. 
in the coal-measures, 167. 



Filter-beds, 342. 

mode of cleansing, 845. 

of the Chelsea Company, 348. 

cost and capacity of, 350. 

Filtration, Scotch system of triple, 344. 
Fitton's description of Lower (Hreensand, 

88. 
——subdivision cS Lower Oreensand 

into three separate gronps. 85; 

on the udclmess of Bortland sand 



and stone, 102. 
Flow of water in oi^ea ^^hATipeiff, experi* 

ments on, 852. 
— of water over weirs, 867. 

through pipes, 880. 

of water through pipM, examples 

showing mode of calculating, 885. 
Force-pumps with solid plunger-piston, 

241. 

drawing <rf, 248. 

Forcing plunger-pumps at East London 

Waterworks, 256. 
Forest marble of Bath and Frome, 106. 
Formulas for flow of water throuj^ pip^ 

883. 
French method of boring, 188. 
Friction of water flowing through pipes, 

384. 
Fullers* earth formation of the south- 
west of England, 99. 

under the Great Oolite, 105. 

— — ^^ thickness of, 106. 

BpcbagB thrown out by the. 



107, 106. 
of, 107. 



thickness and subdivision, 



Garland's paper on pumping-engines at 

Birmingham, 248, 252. 
Gauging the discharge of nveis and. 

streams, 85L 1 



INDEX. 



407 



Oaiigfng liTOi by maans of rarface velo* 

oit7,364. 
>^-^— — — by meftOB of a float, 856. 
of water paaaisg through sluices 

or orifices, 858. 

by meana of oorrent meters. 



362. 



■ by means of weiia, 867. 

over wein, coefficients for, 870. 

over a weir, Seardmore'a me- 
thod of, 373. 

over weixs, importance of accn- 



rate, 874. 



graduated mle for, 



375. 
Oaugings oS Bagshot waters by Mr. 

Bammel and Mr.' Quick, 71. 

by Mr. Bateman, 72. 

Ganlt, very important with reference to 

the saturation of the chalk, position of 

the, 41. 

day, 76. 

formation described, 70. 

thickness, area, and extent of the, 

80, 81. 

at the Three Ck>anties Asylum well 



at Arleeey, thickness of, 81. 
General Board of Health, report of the, 63. 
■ as to cost of 

bringing water firom the Bagshot Sand, 
estimate of the, 64. 

-remarks on the 



project of the, 69. 



want of infor- 
mation as to the Bagshot scheme of 
the, 74. 

Geolc^cal stmctnre of drainage-areas, 
32». 

Gorbala gravitation reseryoirs, 888, 334. 

works, system of filtration at 

the, 343. 

Grand Junction Works, cost of pumping 
at, 316. ' V F tt 

Company, water pumped 
by, 873. 
Gravel-beds fai the Permian formation, 

113. 
Great Oolite of Ycnkahire and other 
comities, 08. 

springs caused by ftaUers' 
the, 09. 



earth under 



of, 106. 



and fullers' earth, 105. 
— — — — - thickness 



near Bath, 106. 



Hack^B estimated cost of working West 
Middlesex Waterworks engines, 817, 
318. 
Hampetead Heath, sprinos of, 18. 
Hardness of waters, 66, S9, 

— from Bagshot and the 
Iiower Greensandj 73. 

of Cambridge water, 80. 



Harvey and West's double-beat valves, 
261. 

— ^^— — ^— — — — — descrip- 
tion and drawings of, 262. 

Harvey's pn^rtions for Cornidi engines, 
283. 



Haswell's fonnula for calculating power 

of engines, 286. 
Hawkeuey's experiments on available 

rainfall, 881. 

fllter-beds, 360. 

Hocking's proportions for Comiah En- 
gines, 283. 
^— — — estimate of working-expenses 

for Cornish pumping-engines. 821. 
Homersham's measurements of waterway 

aasiffned to bridges and culverts in 

chaUk and clay districts, 43. 
Horse-power of steam-engines, table of, 

270. 
— — — — ^ calculation of, 271. 

coefficients of, 273. 

— of steam-engines, table of, 



389. 



of, 891. 



of Cornish engines, tables 



■Dar 



lington's table, 803. 
Ho8king*8 pump-valves, 267. 
Huelgoat, pumps used at the mine of, 

233. 

■ drawing of pumps used at, 234. 
Hull Waterworks, valves used for the 

pumps at, 266. 
Hydraulia, MatthewB*s, 3. 

Inferior Oolite, extent of, 100. 

building stone of, 100. 

subdivisions of, 108. 

Infiltration, Dalton^ experiments on, 14. 

Dickinson's, ditto, 15. 

- Prestwich on rainfall and, 17. 

Iodine in vrater from well at Woodhall, 
105. 

Jacob^i Well described by Dr. Clarke, 5. 
Joseph^i Well at Cairo, description of, 5. 
Jurassic or Oolitic series, extent and sub- 
divisions of, 94. 

Kimmeridge Clay of Buckinghamshire, 

07. 
— ^-^— — — — on the thickness of the, 

102. 

Lambeth Company, water pumped by, 

273. 
Lancaster, supply of water to, ISO. 
Leamington, supply of water to, 130. 
Lean on the Duty of Pumping Engines, 

803. 
— — experiments at the United Mines, 

813. 
Leicester, suppl;^ of water to, 180. 
Leslie's calculation as to rain-water. Pro- 
fessor, 3. 
on the supply of water to ancient 

Bome, 0. 
Lias formation, extent of the, 100. 

subdivisions of the, 108. 

— springs thrown ontby, 100. 

Lifting-pumps with a solid or plunger 

piston, 238. 
•^— pump, drawing and description of^ 

234. 
Liverpool Corporation Waterworks, 143. 
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Liverpool, 8teplien«m^ iaqiiiry into 
•chemc* propotod for rapply <rf, 144. 

ponaonlrflitj of Now Bed 

Sandotooe of, 144. 

mioeral oompotf tion* of Now 



Sod Sudotono of, 140. 

"Mi. Doncmn'a obeonrationo on 



the wator rapply to, 166k 

fauLBgolI intbo yield of the 



woUaot,16& 

•dopckm of a mixed mpply 



et,155. 



ooit of pmnpinff at, SIS. 

rapply <tf wator to, ISO. 

Lodges in the Sottom of wells, 16L 
Longdendalo reservoin, SSS. 
Low-pteisiue oondensinff-enginefl, 246. 
Lower Oreensand water, Dr. AngOB 

Smith 00,66. 
— -~— ^-^-^— — ^ hardneas of, 66. 

diatxict of Hind Head, 



Blackdown, and Leith Hill, 68. 

■and, Tolnme and haidnesa 



of the water from, 7S. 
Bateman'a opi- 
nion in favour oC 73. 

Oreenaand or KeoeowUtm aeiiei, 



description of, 76. 

deaoribed, 81. 

nuige and extent, 82, 



83, 84. 



■ion of, 85. 



gate, 85. 



86,87. 



87. 



Dr. Fitton'a anbdivi. 

> Boppliea water to Sand- 

' extent and thickneaa of, 

' overlaid by drift-gxwrel, 

. rainfall on the, 88. 
volume of water capable 



of being yielded by the, 80. 

Artesian wells aunk to, 



00. 



in the ndghboozhoodof 
London, on auppliea of water from, 210. 
near London, nnano- 



cessful attempts to procure water by 
sinking to the, 210. 

atKentiah-town,OalaiB, 



and Harwich, absence of, 220. 

aeries in regular suc- 



cession in the noithem and southern 
side of the London chalk baain, 220. 
Lyons, aqueduct of, 11. 

Macclesfield, supply of water to, 131. 
Hagnesian limestone, extent of, 112. 
■■ range, thioknesa, 

composition, occurrence in Yorkshire, 

113. 

-^ Professor Sedgwick 



on the, 110. 



of Durham, 110. 



Manchester, supply of water to, 131. 
————— supply derived from the 
Millstone Grit of Longdendale, 131. 

Mr. Bateman on the cost 



of the works at, 182 

■■ - average.daUy supply at, 132. 



Manchester, collectioD of lainfaU in th« 
district of, 132. 

Coxporation Watarworka 

■dieme, 148. 

Marten's pi4>er on pumping-enginea, 266. 

— — obeerrationa on atand-idpea, 302. 

Mather and Piatt's earth-boring ma- 
chinery. 180. 

Matthewa'a Hydmulia, 8. 

McAlpiae, engines deaigned by Mr., 285. 

Mecca, well at, 7. 

MetropoUa, quantity of water daily re- 
quired for the, 63. 

— — daily aopply of water to the, 
S24. 

Metz, aqueduct of, 11. 

Middlewich, mppiy of water to, 133. 

Millstone grit distriota afford good gather- 
ing groiutds, 165. 

■ mineral oompoaitioa and 

thickness of, 166. 

formation highly favourable 



for drainage-areas, 167. 
Mines, water pumped firom the Oomish, 

220. 
Monkwearmouth, great quantity of water 

in coal-mine at, 140. 
Moon in Spain, worka cf the. 11. 
JIfoutofi, Frenca method of boring wltli 

the, 188. 

Nantwiuh, supply of water to, 132. 
Napier's examination of Bagshot Sand. 67. 
ganging of Bagmot Sand dis- 
trict, 68. 

and Dr. Angus Smitli, diiference 



of results between, 70. 

hardness of water examined bj. 



60. 

Neville'a hydraulic foimula, 853. 
coel&cienta for diachaxge over 

weirs, 876. 
Newark, supply of water to, 182. 
New Holland, ancient wella of, 6. 
New Bed Sandstone, extent of, 113. 
— — — — — ^ of Liverpool, 142. 
— — — ^— permeability of, 

144. 



tion of, 146. 



— > mineral oomposi- 

faults of the, 147. 

—————— ^ difEerent aspect of, 

in cutting sometimes wet and aome- 
times qmte dry, 148. 

— weUsand sinkingi 



in the, 226. 



>— of Liverpool, aboo- 
dance oi water in the, 164. 

at WolTetfaamptoo, 



224. 



boring by niadu- 



nery in, 100. 
NewBiver aqueduct, 10. 
Nimes, aqueduct cS, 11. 
Non-condensing American enginea, 2SML 
Norf h AUerton, supply of water to, ISS: 
Nottingham, rainfall at, 4. 
-^— — supply of water to, 188. 
orig'mal a(H«rcea of 8u»l| 

at, 133. ^^ 
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Nottingbam, contaminatloa of the waten 

of the Trent at, 183. 
Binkinffin the New Bed 

Sandstone at Sion Mill, 134. 

insnAciency of svpply in 



1869 at, 134. 

proposed new soarces by 



Mr. Hawkeeley for, 135. 

q^poiition of the Gorporation 



of, 135. 



rejection by Parliament of 
Mr. Hawkealey'B scheme for supplying, 
137. 

Oil need in woridng pnmpiiig-engines, 
319. 

Old Bed Sandstone, 166. 

• — extent of ; towns si- 
tuate 01I2I74. 

Oolites of Yorkshire, 05, 96. 

of Midland Cconties and sonth- 

west of England, 97. 

of Lincolnshire, Morris on the,106. 



Oolitic senesi extent and sabdivisions of 

the, 94. 
^—— system, sabdivision of and extent 

in other countries, 101. 
thictaness of, according to French 

geoloffists, 102, 109. 

formation, towns on the, 109. 



Onnerod (m the New Bed Sandstone of 
Chediire and Lancashire, 117. 

on the Permian formation in 

Lancashire, 119. 

Oxford clay in Lincolnshire, 97. 

— of Huntingdon and Bedford- 
shire, 98. 

. thickness of, 103. 

w — ^minersl character and ge- 
neral description of the, 104. 

of Lincolnshire, wells in 



the, 105. 



Palseozoic rocks, geological changes after 

the deposit of, 111. 

— subdivisions of the, 165. 

Palladias on the works of ancient Borne, 10. 
Penrith, supply of water to, 137. 
Permian group, composition of the, 110. 
— — — nnconformability with 

older rocks. 111. 

general phenomena of 



water, drift-gravel covering, 147. 

formation, great extent of, 115. 

— ^estinoates of thick- 



ness, 116. 



land, 119. 



— — te south-west of Eng* 

— — in Durham, 119. 

——————— towns on the, 120. 

- rocks faulted agaisst coal-mea- 

sures, 148. 

Peruvians, works of the ancient, 13. 

Femvian wells, 13. 

Pilot-tube for gauging, 363. 

Pipes, flow of water through, 380. 

■ formula to calculate tJie velocity 

of water through, 381. 

Pliny on the mode of conveying water to 
aneient Bome, 10. 



Plunger-piston, lifting pumps with a, 283. 
Pole on the Cormsh engine, 312. 

on steam worked expansively, 81 i. 

P<»)celet and Lesbros, experiments on 
sluices by, 359. 



Portland 
102. 



sand and stone, thickness of. 



water issuing from the. 



103. 

Power of Oomish engine at East L<nidon 
Waterworks, 255. 

of engines, mode of calculating. 



of steam in Cornish engines, 



276. 

Pressure 
278. 

Preston, supply of water to, 187. 

^^— - Works, reservoir of the, 833. 

Prestwich on annual rainfall and infiltra- 
tion, 17. 

— -^— on the water-bearing strata of 
London, 25. 

explanation of the phenomena 



of intermittent springs, 50. 

investi^ion into the hydro- 



graphical conditions of the water-bear- 
ing strata around London, 54. 

on the Lower Oreensand, 87. 

views on the continuity of 



the Lower Green Sand, modification of 
Mr., 90. 

Pumping from the London wells, 27. 

station at Bootle, 149. 

' at Liverpool, cost of, 156. 

at East London works, 157. 

stations, cost of, 157. 

— — — — — ^^ at Liverpool, annual ex- 
pense of, 159. 

power employed by the London 



Gom- 



Water Ciompanies, 274. 

—■ engines of the London 

panies, new, 275. 

mode of calculating the 



power of, 276. 



table of the cost of, 293. 
on the cost of, 292. 
remarks on cost of, 298. 
of South Staffordshire 



Waterworks, 299. 

beams of, 800, 

— — into a reservoir, 801. 



314. 



engines, duty of, 308. 

water by steam power, cost of. 



Pumps used in waterworks, 281. 
■ at Tettenhall-well of the Wolver- 
hampton Waterworks, 287. 

' drawings and 



description of, 288. 
-.— on calculating 



the sizes and di- 
mensions of, 267. 

as calculated by the American en- 



gineers, capacity of, 269. 

of South Staffordidiire Works, spe- 



cification for, 897. 

Bain, evaporation of, 18« 
Bainiall at Nottinffham* 4. 

Prestwich on annual, 17. 

• and absorption shown by Mr. 

Dickinson*B gauges andobeervatious, 26* 
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Je-_t *--^ A Zlit ^3^ 
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V ::- ■ jk^ J A". ^T. 

Sittr* s-j:-*. .= Ntfw Bi*d Sardsfone, 116. 
is^^-i*:' r\x ks « a gmtbering ground, dift- 

trtc» 01. i^i. , .^ . 
mineral compoaitwo acd, 

thivkn«$s of, lod. 
Sim(^'n aiHi Xewland^ acheme for aap- 
l»iy of laverptxil, 144. 

Mwreserroirsat Putney Heath, 

gihiU"*8, ganging <rf "wnter paasing through, 

. experiments on the passage of 

YTttter thit)ugli, S60. 




of penneal^Q 
19. 
brfBHttB,19, 23,23. 



1^ Tnag CTrtTiwg of Iiondcm 
Bailw»y, 33. 
of duJk Tallejs, 



4S. 



— at 0?v Boost on tlielJcmdon and 
ik WotcfB Saflwaj, yield of, 42. 

— «■ As iang dope of the chulk, 

— cf C k ay dun and GarFhalton, 48. 

— of Gvinea and St. Omer in the 
deOdais,48. 

— on Ae long dope of the chalk, 
towns in England having. 



at Ljdden Spoat, Cberiton, ete^ 



> disgram illafltrating the pheno- 
of intermittent, 51. 
from the sand of Hampstesd 



Heath, 61. 

of the Upper Oreenaand, 78. 

at Camhridge, 79, 80. 

of Lower Crreensand, 91. 

caoaed by fullers' earth under* 



lying the Great Oolite, 99. 

i of the Kimmeridge clay, 102. 

thrown oat by the fullenP earth, 



107. 



by the lias, 109. 



of Middlewich, Brine, 118. 
of Ingestrie, Staffordsldre, Brine, 



118. 

in the Kew Bed Sandstooie, me- 
dicinal, 118. 

in the Trias and Permian 



groups, 147. 
in carboniferous UnQefltone dis- 



tricts, 168. 

in limestone extremely copious. 



169. 



in carbonif erooa limestone, ce- 
lebrated, 170. 

tables of chalk^weUs andaipnngSf 



396. 
Staud-pipes of waterwocka, 90lu 



INDEX. 



411 



steam-engines, table of hone-power of, 

389. 
Steum worked expansively, 284. 
Steam-pipes of Cornish engines, 260. 
Stephenson, agreement m Dickinson's 

gauges with the data assomed by Mr., 

28. 
description of the valley of 

the Golne, 31. 

on Watford spring- water 



sapply, 16. 



report to Cknporation of 
Liverpool, 143. 

on the permeability of New 



Bed Sandstone, 145. 

St. Helen's, Lancashire, supply of water, 
138. 

StirrafB experiments on available ralnf sU, 
331. 

Stockton-on-Tees, supply of water, 138. 

Stourbridge, supply of vrater to, ISis. 

Streams of the Chiltem Hills, 29. 

abundant in the chalk of Hert- 
fordshire, 41. 

flowing'throqgh chalk districts. 



direction of. 43. 

in cnalk and clay districts com- 



pared, 43. 

of the Bavensboome and the 



Lavant, 50. 

and riven flow off the chalk 



district, direction in which, 51. 

in carboniferous limestone dis- 



tricts, 51. 
Sunderland, supply of water to. 188. 
water procured from deep 

weUs in the Lovrer New Bed Sandstone 

at, 138. 

capacity of the HumUedon 



Hill, Cleadon Hill, and Byhope reser- 
voin at, 130. 

avera^ daily supply at, 139. 

description of pumping- 



engines at, 139. 

cost of works at, 139. 



Swallet-holes in the coral rag, 104. 

in the Combrash, 107. 

————— in Qower and the Mendips, 
169. 

Tallow used in working steam-engines, 
319. 

Taylor, on the daty of pumping engines, 
304. 

Telf ord*s gauging of the Terulam and the 
Wandle, 45. 

Temperature of fhexmal springs in Bath, 
109. 

— — ^-^ of wells, 190. 

Tertiaries, beds above the, 75. 

Tertiary strata, faults in, 36. 

diagrams showing the in- 
fluence of faults m, 89. 

around L<mdon, descrip- 



tion of the, 54. 

in the valleys at rivers. 



denudation of, 58. 

area into fovr distinct parts, di- 



vision of the, 55. 
" district, table showing area. 



length of outcrop, and thickness of bed 
composing the, 55. 
Tertiary, conditions afl^cting the percola- 
tion of water in the, 56. 

sands about Peckham, Green- 
wich, and Woolwidi, 57. 

in the neighbourhood of 



London, 58. 
water yielded by wells in 

the, 59. 
Thebes, artesian wells in the oasis of, 7. 
Tranmere, supply of water to, 140. 
Trias and Permian groups, 110. 
formation, extent of the, 113. 

- subdivisions of the, 114. 

— ^— — ^^ in Europe and America, 

great extent of, 115. 

shafts sunk in the. 116. 

—— estimates of thickness 



of, 116. 



towns on the, 120. 

general conclusions as 

to water in the, 147. 

water in the drift-gravel 



covering the, 147. 
Tube-well at Eddlesborough, description 
of a, 221. 

Upper Oreensand or Firestone, descrip- 
tion of, 76. 
Upper Oreensand springs and wells, 78. 

Valves and seats of pomps, 237. 

of Cornish engines, 260. 

used in pumps. 261. 

Harvey and West's, 262. 

of pumps at the Birmingham Wa* 

terworks. 265. 

Velocity of piston in Cornish engines, 278. 

Venice, rain-water collected in, 3. 

Verulam, watershed of the, 16. 

Vetch, gau£^g of chalk-streams by Cap- 
tain, 45. 

Vitmvius, on the mode of conveying 
water to ancient Bome, 10. 

Wsllssev, supply of water to, 140. 

Warwick, supply of water to, 140. 

Watendied of the Colne and other rivers, 
16. 

————— of drainage-areas, 328. 

Watford spring- water supply, 16. 

^^— district, Telford on the drainage- 
area of the, 16. 

Ways^ (Professor) analysiB of water near 
Famham, 66. 

Weald clay, undulating stratification of, 
89. 

.^— — -^— of Kent and Sussex, 92. 

— — — ^— subdivision of, drainage, 
principal rivers, etc., 93. 

district, fractures and axes 



of elevation in, 94. 
Weira, gauging by means of, 367. 
table showing results of Mr. Black- 

welPs experiments on, 369. 
' coefficients for gaujring over, 370. 

experiments by Du Buat and 



othen on, 372. 
—-^^ coefficient for discharge over, 375. 
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gftagiBg 



ov«r, 374. 

»74. 

Wrl.inctoo, MMlf of witer to. 140. 
WrU OaMTitMd bj fir. Clarice, (. 
-^ at M<Hc«, 7. 
.^-. at Ur«n#U«. its out, 7i«ld, aad teoi- 

p»ralare, IM. 
^•i- at MciMra. M««t^ brawery, 191. 
*«- at MeMfib Cbunffe and Donakboa'i, 

th« Ancbor brewary, Honleydown, 

195. 
'—^ at Bow brewery. 196^ 
— — at M^wn. Webb^ mineral watofw 

woriu, Inhni^oQ Oroen, 197. 

At Trafalgar Square, 196. 

at Um Bank of England, 199. 

— at the R«)yal Uorttrultaral Oardena, 
Houib Kenainffton, 199. 

at Oiiy*» Kiwpttal, 900. 

— ^ at Mr»4n. Whitbread^ brewery in 
i'hUweU Street, oaar FiDsbury Square, 

— at the Lion brewery, BehredereBoad, 
Laiubetht aos. 

—— at Meaere. BeidV, liqiMrpoiid Street, 

at Keneinffton Oardena, aOS. 

— — at Am well HIU, near tne eooice of 

the New River in Hertfordshire, 906. 
-~— at the New Btver Oompany at Chea- 

hant« 307. 
— ^at Cheehunt, Sir Heuy Meux't, 

91^7. 
— ~ at CrvMne«s 908. 

at the 0r>'9tMl Palace, 910. ' 

at CoUUmth FlelOe, 911. 

<— at Walker*a brewery, Limehowia, 

ail. 
at the North Surrey Schools, Anerley, 

— at the Lunatio Asylum, Oolney 
Htiioh, 919. 

— at the Vtotoria terminus of tlie 
L«>iKlon Brighton and South Ooaat Bail- 
way, 919. 

^— at out Maiaen, 91S. 

— at Me«»r«. Waltham Brothers* brew- 
ery, Siivkwell, 913. 

• at Greenwich Hospital^li. 

at Watfonl. chtOk, 914. 

— * aunk by Mr. Paten, recent, 915. 

— -. at Ham>w, 91ft. 

~— E^lgeware public, 916. 

at the London Orphan Asylum, 

Watford, 917. 
^— at AUM»rton, near EHling, 917. 
<— — at Berkhampatead for supply of the 

town, 918. 

— at the Three OoontieB Aaj^um, 
Arleeey. 991. 

and borinfr at Bnflby, in Lias and 

New Red Saiulstone^ Xif. 
^— > at Tettenhall, near WolTerhamptcm, 

description of. 940. 
Wells, supply or water to, 140. 

ancient mode of procuring water 



Ok & cnA^ 



from,4. 
^Bwl 



Wd]a.liy 

Ponxviaa, 13. 

of Landon, siiallow- 



la. 



water in, 90. 
— — ^ descriutLon of 

qKBg from the Tiflmtton, 9T. 

Watford and T^nndnn, 



water4evel in, 97. 

▼ariatioaa of wate r-fayel in tlie 



IiUudon, 9^ 

permancDt dfpreanon <rf water- 



Isvtel in, »>, 31. 
— — Davidson, on the Trfwdon, 31. 

■ of the London b r e w e r i ea, Si. 

at Hampstead Boad, 34. 

aftcted t^fsoUs in the 



Stiata,a9. 
in- 



and the 



side of Ikn- 



doo, ao. 

sank throng^ London C3ay, rise of 



inKterin,56. 

of Ifondon and the Tertiary Sands, 



W. 



in Drifl-grsvel, oovezizig the Lon- 
don clay, 60. 

in dittO) in varioos ports of Bog- 



land, 60. 

and boiiiws in the Gktolt, 79. 

in Ozfora Oay oontaioing iodine 



and bromine, 105 

in the New Bed Sandstone, 117. 

supply of water to, 142. 

height of water in; influence of 



faults on, 147. 

in Liverpool, yield of, 148. 

at Tettenhall, near Wolverliamp- 



ton, 148. 

of the metropolis, 172. 
— — of various Unds, 173. 

off Liverpool, water yielded by. 



149. 



situation of the, ISO. 

— >- and borings for procuring supplies 
of water, 171. 

sunk in diluvial sand or gravel. 



171. 



at Liverpool, public, 151, 152. 

increase of yield in 



certain, 152, 153. 



154. 



tables of yield of. 



anking, on the coat of, 178. 
m New Bed Sandstone ci Bli^ 
min^^iam and Wolveihampton, 223- 
and winkings In tlra New Bed 



Sandstone, 224. 

at wdvediampCon, in the New 



Red Sandstone, 226. 

and well-sinking, ooae theory of. 



160, 161. 

lodges or lodgments at the bottm 



bank^ description of ancient, 4. stiuction of, 175. 



off wtils, 161. 
-— fluctuations of water in Liverpool, 

169. 
-— diminution in the yield of 

pod, 163. 

in various kinds of atrsts. 
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Wells, with brickwork, mode of Bteining, 

175. 
throofib quickaandg, mode of aiok^ 

ing. 176. 

in Liverpool, Tirafalgar Sqiuire, 



and Camden Town, constroction of, 
177, 178. 

at Tettenhall and (Joldthani, con^ 



stroction of, 224, 225. 

in beds of the Permian series ; 



wells in chalk, 225. 

at Seid's brewery, constrqction of, 



179. 



at Pentonville and other places; 
cost of wellS} etc., 181. 

and bonngs, on the cost of various, 



182. 



temperature of, 190. 

in and around London, description 

of some remarkable, 191. 

of the Kent Waterworks Company, 



211. 



mentioned by Mr. Beardmore, ad- 
ditional, 215. ' 

sunk at Dancers End, near Tring, 



for the Chiltem Hills Water Company 
to supply the towns of Aylesbury and 
Tring,218. 

in and around London, conclusions 



as to, 219. 

in Sed Sandstone rock at Birken- 



head, 828. 

and springS) taUe of chalk, 396. 



West Ifiddlesex Works, cost of pumping 
at the, 817. 

West^i proportions for Comiah engines, 
283. T 

Wicksteed, on the cost of pumping, 157. 

— — — - at Wolverhampton, pump- 
work erected by Mr., 237. 

on the Cornish and Boulton 



and Watt engines, 245. 

experiments on the Cornish 



pumping engine, 257. 

Wolverhampton, supply of water to, 140. 

—————— original supplies pro- 
cured from wells sunk in Drift Gravel 
and New Bed Sandstone at, 140. 

erection of a pumping 



establishment on the river Worf, near, 
141. 

purchase of the water- 



works by the Corporation of, 141. 
— ^— — ^— supply, extension to 
Bilston, Willenhall, and Wednesfield, 
141. 

average daily supply 
and quality of water at, 141. 

waterworks, cost of 



pumping at, 815. 
Worcester, supply of water to, 141. 
— — — cost of waterworks at, 142. 
description and extension of 

siq>ply at, 142. 

York, supply of water to, 143. 
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is-T«a::i J^ ~cii. rfi-^wi. -w-.ti large additions by D. EliNNSAJt Clah^* 
>^ !t5C. C I> ;sl ic_ C" rci boards, 7s- 6d. 

rw £ cmcA^ATyy zisi tkfse tv*s, wuij be kad itrongly bound at 6^. extra. 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES t the Construction of, and other I^Iachinery for Raising 

Heavy Bodies. By Josbpr Glynn, F.R.S. Illustrated, xs. 6d. 

34. THE STEAM ENGINE. By Dr. Lardner. Illustrated, is. 6d. 

59. STEAM BOILERS: their Construction and Management. By 
R. Armstrong, C.E. Ulostrated. zs. 6d. 

82. THE POWER OF WATER, as appUed to drive Flour Mills, 
and to give motion to Turbines, &c. By Joseph Glynn, F.R.S. 2s4 

98. PRACTICAL MECHANISMy the Elements of; and Machine 
Tools. By T. Bakbr, C.E, With Additions by J. Nasmyth, C.E. 2s. 6d.t 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theonr 
of, with Rules and Examples for Practical Men. By T. Bakbr, C.E. is. 6d. 

164. MODERN WORKSHOP PRACTICE, as applied to Steam 

Engines, Bridges, Cranes, Shijp-building, &c. By J. G. Winton. js.t 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Girders. By J. Armour. 2S. 6d.t 

166. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2s.) 
171. 7HE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By J. Maxton. 6th Edn. With 7 Plates and 350 Cuts. 3s. 6d.* 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. (Being an Extension of the Elementary Treatise on the Steam 

Engine of Mr. Tohn Sewell.) By D. K. Clark, M.I.C.E. 3s. 6d.t 
200. FUEL, its Combustion and Economy. By C. W. Williams, 

With Recent Practice in the Combustion and Economy of Fuel — Coal, Coke, 
Wood, Peat, Petroleum, &c. — ^by D. K. Clark, M.I.C.E. 3s. 6d.t 

202. LOCOMOTIVE ENGINES, By G. D. Dempsey, C.E. ; with 
lai^e additions by D. EIinnear Clark, M.I.C.E. \h.X 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 

flating, and Calculating Boiler and Tank Work. 37 John Courtnby. 
Practical Boiler Maker. Edited by D. K. Clark, C.E. zoo Illustrations, as. 
217. SEWING MACHINERY : Its Construction, History, &c., with 
full Technical Directions for Adjusting, &c. By J. W. Urquhart, C.E. 2s. J 

223. MECHANICAL ENGINEERING, Comprising Metallurgy, 
Moulding, Casting, Fornng, Tools, Workshoto Machinery, Manufacture o\ 
the Steam Engine, &c. By Francis Campin, C.E. Second Edition. 2s. 6d.t 

236. DETAILS OF MACHINERY, Comprising Instructions fot 

the Execution of various Works in Iron. By Francis Campin, C.E. 3s.:t 

237. THE SMITHY AND FORGE; mcludmg the Farrier's Arf and 

Coach Smithing. By W. J. E. Cranb. Illustrated. 2s. 6d.t 

238. THE SHEET-METAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, &c. With 94 Diagframs and 
Working Patterns. By W. J. E. Cranb. Second Edition, revised, is. 6d. 

251. STEAM AND MACHINERY MANAGEMENT: with Hints 
on Construction and Selection. By M. Powis Balb, M.I.M E. 2s. 6d.t 

254. THE BOILERMAKER'S READY-RECKONER, By J. 

Courtney. Edited by D. K. Clark, C.E. 4s., limp ; 5s., half-bound. 

255. LOCOMOTIVE ENGINE-DRIVING. A Practical Manual for 

Engineers in charge of Locomotive Engines. By Michabl Reynolds, M.S.E. 
Eighth Edition. 3s. 6d., limp ; 4s. 6d. cloth boards. 

256. STATIONARY ENGINE^DRIVING. A Practical Manual for 

Engineers in charge of Stationary Engines. By Michabl Reynolds, M.S.E. 
Third Edition. 3s. 6d. limp ; 4s. 6d. cloth boards. 
260. IRON BRIDGES OF MODERATE SPAN: their Construc- 
tion and Erection. By Hamilton W. Pendrbd, late Inspector of Ironwork 
to the Salford Corporation. 2S. {Just published. 

The % indicates thai these vols, may be had strongly bound at 6d. extra. 
S STATIONERS* HALL COURT, LUDGATE HILL, E.C, 



weale's rudimentary series. 



MINING, METALLURGY, ETC. 

4. MINERALOGY^ Rudiments of; a concise View of the Creneral 
Properties of Minerals. By A. Ramsay, F.G.S., F.R.G.S., &c. Third 
Edition, revised and enlarged. Illustrated. 3s. 6d.t 

1 17. SUBTERRANEOUS SUR VEYING, with and without the Mag- 
nettc Needle. By T. Fbnwick and T. Baker, C.E. Illustrated, ss. 6d. } 

133. METALLURGY OF COPPER ; an Introduction to the Methods 
of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamborn. Ph.D. Woodcuts. 2s. 6d.t 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 
andbr Watt, F.R.S.S.A. Eighth Edition, revised, with additional Matter 
and Illustrations, including the most recent Processes. 3s.t 

172. MINING TOOLS^ Manual of. For the Use of Mine Managers, 
Agents, Students, Ctc. By William Morgans, ss. 6d.t 

I72«. MINING TOOLS, ATLAS oi Engravings to Illustrate the above, 
containing 335 Illustrations, drawn to Scale. 4to. 4s. 6d. ; cloth boards, 6s. 

176. METALLURGY OF IRON, Containing History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, Ccc. By H. Baubrman, F.G.S. Fifth Edition, 
revised and enlarged. Ss.t 

180. COAL AND COAL MINING, By Warington W. Smyth, 

M.A., F.R.S. Sixth Edition, revised. 3s. 6d.t 
195. THE MINERAL SURVEYOR AND VALUER'S COM- 
PLRTE GUIDE. Comprising a Treatise on Improved Mining Surveying 
and the Valuation of Mining Properties, with new Traverse Tables. By W. 
LiNTBRN, Mining Engineer. Second Edition, with an Appendix on Magnetic 
and Angular Surveying, with Records of the Peculiarities of Needle Disturb- 
ances. W'ith Four Plates of Diagrams, &c. 3s. 6d.t \Jusi published. 

214. SLATE AND SLATE ^CM^i?K/Ar6J, Scientific, Practical, and 
Commercial. By D. C. Davibs, F.G.S., Mining Engineer, 8cc. 3s.t 



ARCHITECTURE, BUILDING, ETC. 

16. ARCHITECTURE— ORDERS— 1\it, Orders and their ^Esthetic 

Principles. By W. H. Leeds. Illustrated, is. 6d. 

17. ARCHITECTURE— STYLES— Th^ History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I. B.A., &c. Illustrated. 2s. 
%• Orders aho Styles op Architecture, in One Vol,, 3*. 6d. 

18. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 

Greek and Gothic Architects. ByE.L. Garbbtt, Architect. Illustrated. 2s.6d. 

*«* The three preceding Works, in One handsome Vol., half bound, eniiiUd 

'* Modern Architecture," price 6$. 

22. THE ART OF BUILDING, Rudiments of. General Principles 
of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By E. Dobson, zs.X 

25. MASONRY AND STONECUTTING : Rudimentary Treatise 
on the Principles of Masonic Projection and tbeir application to Con- 
struction. By Edward Dobson, M.R.I.B.A., &c. as. 6d.t 

42. COTTAGE BUILDING By C. Bruce Allen, Architect 

Tenth Edition, revised and enlarged. With a Chapter on Economic Cottaget 
for Allotments, by Edward £. Allen, C.E. 2s. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, &c. By G. R. Burnell , C.E. Thirteenth Edition, is. 6d. 

The X indicates that these vols, may be had strongly bound at 6d. extra. 
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Architecture, Building, etc., continued. 

57. WARMING AND VENTILATION. An Exposition of the 
General Principles as applied to Domestic and Public Building^s, Mines, 
LighUiouses, Ships, &c. By C. Tomlinson, F.R.S., &c. Illustrated. 3s. 

III. ARCHES, PIERS, BUTTRESSES, dr'c: Experimental Essays 
on the Principles of Construction. By W. Bland. Illustrated, is. 6d. 

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 

Principles of the Science of Sound applied to the purposes of the Architect and 
Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. RiCHAKDSOM, Architect. Illustrated, is. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
JosBPH GwiLT, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art m 
Greece. By the Earl of Aberdeen, is. 
•* The two preceding Works in One handsome Vol., half bound, entitled "Ancisnt 

^Vrchitbcturb " ^ricefis 

132. THE ERECTION OF DWELLING-HOUSES. Illustrated by 
a Perspective View, Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, t^dth the Specification, Quantities, and Estimates, &c. By 
S. H. Brooks. New Edition, with Plates. 2s. 6d.t 

156. QUANTITIES dr- MEASUREMENTS in Bricklayers', Masons', 
Plasterers', Plumbers', Painters*, Paperhangers', Gilders*, Smiths', Carpenters* 
and Joiners' Work. By A. C. Beaton, Surveyor. New Edition, is. 6d. 

175. LOCKWOOD <&- CO:S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest Prices of all kinds of Builders' Materials 
and Labour, and of all Trades connected with Building, &c., &c. Edited 
by F. T. W. Miller, Architect. Published annually. 3s. 6d. ; half bound, 4s. 

182. CARPENTRY AND JOINERY— Tbil Elementary Prin- 
ciples of Carpbktry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With a TREATISE ON JOINERY by E. 
Wyndham Tarn, M.A. Fourth Edition, Revised. 3s. 6d.t 
i82«. CARPENTRY AND JOINERY, ATLAS of 35 Plates to 

accompany the above. With Descriptive Letterpress. 4to. 6s. 
185. THE COMPLETE MEASURER ; the Measurement of Boards, 
Glass, &c.; Unequal-sided, Square-sided, Octagonal -sided. Round Timber 
and Stone, and Standing Timber, &c. By Richard Horton. Fifth 
Edition. 4s. ; strongly bound in leather, 5s. 

187. HINTS TO YOUNG ARCHITECTS, By G. WiGHTWiCK. 

New Edition. By G. H. Guillaume. Illustrated. 3s. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : with a Course of Elementary Drawing for House- Painters, Sign- 
Writers, 8cc., and a Collection of Useful Receipts. By I£llis A. Davidson. 
Fifth Edition. With Coloured Plates. 5s. cloth limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles ; Arch Drawing, Cutting, and Setting ; 
Pointing; Paving, Tiling, Materials; Slating ana Plastering; Practical 
Geometry, Mensuration, &c. By Adam Hammond. Sixth Edition, is. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Chapters upon House Drainage. Fourth Edition. 
With 330 Illustrations. By W. P. JBuchan. 3s. (A.X 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE. By R. E. Grandv. 3s.t 
206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 
Church Restoration. With the Theory of Domes and the Great Pyramid, 
&c. By Sir Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S. 4s. 6d.t 

The X indicates thai these vols, may be had strongly bound at 6d. extra. 
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Arohltacture, Building, etc., continued, 

tit. THE yOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Fngineeringr and Architectural Works. By 
WyvillJ.Chkisty, Architect. With upwards of i6o Engravings on Wood, js.t 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

By E. Wynoham Takn, M.A., Architect. Second Edition, revised, es. 6d 

229. ELEMENTARY DECORATION: as applied to the Interior 

and Exterior Decoration of Dwelling- Houses, &c. By J. W. Facby. ss. 

257. PRACTICAL HOUSE DECORATION. A Guide to the Art 

of Ornamental Paintinf^, the Arrangement of Colours in Apartments, and 
the Principles of Decorative Design. With Remarks on tne Nature and 
Properties of Pigments. By Jambs W. Facby. 2s. 6d. 
\* The two preceding Works^ in One handsome Vb/., Aa/f-donnd, entitled *^* EEousk 

DBCORATlOIf, ElbMENTAKY AMD PRACTICAL," price 5«. 

230. HANDRAILJNG. Showing New and Simple Methods for finding 

the Pitch of the Plank. Drawing the Moulds, Bevelling, Jointing-np, and 
Siquaring the Wreath. By Gborgb Collings. Plates and Diagrams, xs. 6d« 

247. BUILDING ESI A TES : a Rudimentary Treatise on Uie Develop- 

ment, Sale, Purchase, and General Mana^ment of Building Land. By 
Fowl BR Maitland, Surveyor. Second Edition, revised. 2s. 

248. PORTLAND CEMENT FOR USERS. By Henry Faija, 

Assoc. M. Inst. C.E. Second Edition, corrected. Illustrated. 2s. 

252. BRICKWORK : a Practical Treatise, embodying the (general 

and Higher Principles of Bricklaying, Cutting and Setting, &c. By F. 
Walkbr. Second Edition, Revised and Enlarged, zs. 6d. 

23. THE PRACTICAL BRICK AND TILE BOOK. Comprising: 
x8q. Brick and Tilb Making, by E. Dobson, A.I.C.E.; Practical Bricklay- 
S5S. iNG,^ by A. Hammond : Brickwork, by F. Walker. 550 pp. with 270 lllus> 
trations. 6s. Strongly half-bound. 

253. THE TIMBER MERCHANT'S, SAW-MILLER* S, AND 

IMPORTER'S FREIGHT-BOOK AND ASSISTANT. By Wm. Rich- 
ardson. With a Chapter on Speeds of Saw-Mill Machinery, Sec By 
M. Powis Balb, A.M.Inst.C.E. 3s.t 

258. CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By Gborgb Collings, Author of " A Treatise on Handrailing." as. 6d. 

259. GAS FITTING: A Practical Handbook treating of every 

Description of Gas Lajring and Fitting. By John Black. With 122 Illus'- 
trations. 2S. 6d.t 

261. SHORING AND ITS APPLICATION: A Handbook for the 
Use of Students. By Gborgb H. Bijvgrovb. zs. 6d. [Just published. 



SHIPBUIUDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NA VAL ARCHITECTURE. An Exposition of the Elementary 

Principles of the Science, and their Practical Application to Naval Construc- 
tion. By J. Pbakb. Finh Edition, with Plates and Diagrams. 33. 6d4 

53*. SHIPS FOR OCEAN &* RIVER SERVICE, Elemeniary and 
Practical Principles of the Construction of. By H. A. Somhbrpbldt. is. 6d. 
53*«. AN ATLAS OFENGRA VINGS to Illustrate the above. Twelve 
large folding plates. Royal 4to, cloth. 7s. 6d. 

54. MASTINGi MAST-MAKING, AND RIGGING OF SHIPS, 
Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes. 
Ice, relative to every class of vessels. By Robbrt Kippino, N.A. 2S. 

S4». IRON SHIP-BUILDING. With Practical Examples and Detail. 
By John Granth am. C.E. sth Edition. 4s. 

The X indicates that these vols, may be had strongly bound at 6d. extra. 
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Shipbuilding, Navigation, Marine Engineering, etc., cant, 

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 
Navigation. By jAms Grbbnwood, B.A. With namerous Woodcuts and 
Coloured Plates. New and enlarged edition. By W. H. Kossbr. 2S. 6d.t 

^, MARINE ENGINES AND STEAM VESSELS, By Robert 

Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by the 
Author and by Gborgb Carlislb, C.E., Senior Surveyor to the Board of 
Trade, Liverpool. 4s. 6d. limp ; 5s. cloth boards. 

Zlhis. THE FORMS OF SHIPS AND BOATS, By W. Bland. 

Seventh Edition, Revised, with numerous Illustrations and Models, is. 6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
imd Practice. By Prof. J. R. Young. New Edition, ss. 6d. 

106. SHIPS* ANCHORS, SiTreztise on. By G. CotsELL, N.A. is.6d. 

149. SAILS AND SAIL-MAICING. With Draughting, and the Centre 
of E£Fort of the Sails ; Weights and Sires of Ropes : Masting, Rigging, 
and Sails of Steam Vessels, &c. X2th Edition. By R. Kipping, N.A., as. 6d.t 

155, ENGINEER'S GUIDE TO THE ROYAL <&• MERCANTILE 
NAVIES. By a Practical Enginbbr. Revised by D. F. McCarthy. 3s. 

PRACTICAL NAVIGATION. Consisting of The SaUor's 
Sea- Book. By. Jambs Grbbnwood and W. H. Rossbr. Together with 
^^ . the requisite Mathematical and Nautical Tables for the Working of the 
au^. pi-obiems. By H. Law, C.E., and Prof. J. R. Young. 7s. Half-bound. 



AGRICULTURE, GARDENING, ETC. 

6i*. A COMPLETE READY RECKONER FOR THE AD ME A^ 
SUREMENT of land, &c. By A, Arman. Third Edition, revised 
and extended by C. NORRis, Surveyor, Valuer, &c. as. 

131. MILLER'S, CORN MERCHANT'S, AND FARMER'S 
READY RECKONER. Second Edition, with a Price List of Modem 
Flour- Mill Machinery, by W. S. Hutton, C.E. as. 

140. SOILS, MANURES, AND CROPS, (Vol. i. Outlines of 

MoDBRN Farming.) By R. Scott Burn. Woodcuts, ss. 

141. FARMING 6* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. s.Outlinbs of Moobrn Farming.) By R. Scott Burn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

OUTLINBS or MODBRN FARMING.) By R. ScOTT BuRN. WoodcutS. 2S. 6d . 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. (Vol. 4. Outlines op Modbrn Farming.) ss« 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outunbs of Modbrm 
Farming.) By R. Scott Burn. Woodcuts, n, 6d. 
*«* N0». X40-1-2-5-6, in One VoL^ handsomely half-bound^ entitled ** Outunbs ot 
Moobrn Farming." By Robbrt Scott Burn. Prtce las. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Brbuil. Revised by Gbo. Glbnny. 187 Woodcuts. 3s. 6d.4 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C^ Ccc. Fourth Edition, 
enlarged, including Specimens of New and Improved Breeds. 3s. 6d.$ 

«oi. KITCHEN GARDENING MADE EASY. By George M.F. 

Glbnny. Illustrated, xs. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organu 

zation of Farm Labour. By R. Scott Burn. as. 6d.t 

208. OUTLINES OF LANDED ESTATES MANAGEMENT. 
By R. Scott Burn. as. 6d4 

*•* Not, 207 6^ 208 in One Vol,, handsomely half bound, entitled " Outunbs ov 
Landbd Estatbs and Farm Managbmbnt." By R. Scott Burn. • Price 6s. 

The t indicates that these vols, may be had strongly bound at bd. extra. 
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Agriculture, Gardening, etc., continued. 

t09. THB TREE PLANTER AND PLANT PROPAGATOR. 
A Prmcttcal M&niuil on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrabs, Flowering Plants, he. By Sakubi. Wood, ss.t 

2ia THE TREE PRUNER, A Practical Manual on the Pruning of 
Fruit Trees, including also their Training and Renovation ; also the Pnining 
of Shrubs, Climbers, and Flowering Plants. By Samusl Wood, as^ 

••• Nm. ao9 ^ no in Otu Vol., kandtonuly half -bound, euMled "Thb Tru 
Plantbr, Propagator, and Prunbr." By Samubl Wood. Price 5*. 

ai8. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, flee. 
By John Stbblr. Fourth Edition, ss. 

2aj. SUBURBAN FARMING. The Laying-ont and Cultivation of 
Farms, adapted to the Produce of Milk, Butten and Cheese, £sss> Poultry, 
and Pigs. By ProC John Donaldson and R. Scott Burn. 3s. 6d.t 

131. THE ART OF GRAFTING AND BUDDING. By Chasles 

Balibt. With Illustrations, as. 6d.t 

132. COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables 

for Small Gardens. By £. Hobday, is. 6d. 

233. GARDEN RECEIPTS. Edited by Charles W. QuiK. is.6d. 

234. THE KITCHEN AND MARKET GARDEN. Compiled 

by C. W. Shaw, Editor of *' Gardening Illustrated." 3s4 

23a DRAINING AND EMBANKING. A Practical Treatise, em- 

bodying the most recent experience in the Application of Improved Methods. 
By John Scott, late Professor of Agriculture and Rural Economy at the 
Royal Agricultural College, Cirencester. With 68 Illustrations, xs* 6d. 

240. IRRIGA TION AND WA TER SUPPL Y. A Treatise on Water 

Meadows, Sewage Irrigation, Warping, fcc. ; on the Construction of Wells, 
Ponds, and Resenroirs ; and on Raising Water by Machinery for Ag^cut* 
tural and Domestic Purposes. By Prof. John Scott. With 34 lUus. xs. 6d. 

241. FARM ROADS, FENCES, AND GATES. A Practical 

Treatise on the Roads, Tramways, and Waterways of the Farm; the 
Piinciples of Enclosures ; and the different kinds of Fences, Oates, and 
Stiles. By Professor John Scott. With 75 Illustrations, is. 6d. 

242. FARM BUILDINGS. A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and Construction, 
including Plans and Estimates. By Prof. John Scott. With 105 lUus. ts. 

243. BARN IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Application of Power to the Operations of Agricultnre ; and 
on various Machines used in the Threshing-bam, in the Stock-yard, and in tht 
Dairy, &c. By Prof. J. Scott. With xaj Illustrations, ss. 

244. FIELD IMPLEMENTS AND MACHINES. A Plractical 

Treatise on the Varieties now in use, with Principles and Details of Coo- 
struction^their Points of Excellence, and Management. By Professor Joan 
Scott. With 138 Illustrations, ss. 

245. AGRICULTURAL SURVEYING. A Practical Treatise on 

Land Surveying, Levelling, and Setting-out ; and on Measuring and £sti* 
mating Quantities, Weights, and Values of Materials, Produce Stock, &c 
By Prof. John Scott. With 62 Illustrations, is. 6d. 

•^* Nos. 230 to 24s in One Vol.y handsomely half-bound, entitled " Thb COMPum 
Text- Book op Farm Enoinbbring." By Professor John Scott. Finice tzs. 

250. MEA T PRODUCTION. A Manual for Producers, Distributors, 
&c. By John Ewart. as. 6d.t 



The t indicates that these vols, may be had strongly bound at 6d. extta. 
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MATHEMATICS, ARITHMETIC, ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; Their 
Construction, Adjustment, Testine, and Use concisely Explained. By J. F. 
Hbathbr, M.A. Fourteenth Edition, revised, with additions, by A. T. 
Walmisley, M.I.C.E., Fellow of the Surveyors' Institution. Original Edi- 
tion, in I vol.. Illustrated. 2S,X [^ust Published. 

%* /*• ordering ike above, becarefulio say, " Original Edition " \No. 32), to distin- 
guish it from the Enlarged Edition in 3 twls. [Nos, 168-9-70.) 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Persi>ective, extracted from the French of 
G. MoNGB. To which is added, a description of the Princioles and Practice 
of Isometrical Projection. By J* F. Heathbr, M^. Witn 14 Plates. 2S. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figiiies contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Hbathbr, M.A. With 2x5 Woodcuts. 2s. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs Haddon, 
M.A., Arithmetical Master of King's College School, London, zs. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J. R. Youno. Eleventh Edition, xs. 6d. 
84*. A Kby to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Youno. zs. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest, 

Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatly £i.cilitated. By W. Hipslby. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra. 2s. 
86*. A Kbv and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By J* K- Young, zs. 6d. 

88. EUCLID, The Elements of: with many additional Propositions 
80. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Hbnry Law, C.E. 2s. 6d4 

•»• Sold also separately, viz. .•— 

88. EucLTO, The First Three Books. By Hbnry Law, C.E. is. 6d. 

89. Euclid, Books 4, 5, 6, zz, Z2. By Hbnry Law, C.E. is. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By Jambs Hann. A New Edition, by Professor J. R. Young. 2s.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, zs. 6d. 

92- SPHERICAL TRIGONOMETRY, the Elements of.. By James 
Hann. Revised by Charlbs H. Dowlino, C.E. xs. 
%• Or -with " The Elements of Plane Trigonometry," in One Volume, 2*. 6d. 

93. MENSURATION AND MEASURING. With the Mensuration 
and Levelling of Land for the Purposes of Modem Engineering. By T. 
Bakbr, CE. New Edition by E. Nugbnt, C.E. Illustrated, zs. 6d. 

lor. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOusB, F.R.A.S., &c. zs. 6d. 
102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HoMBRSHAM Cox, B.A. Illustrated, zs. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 
Instruction. By James Haddon, M.A. Revised by A. Arman. is. 6d. 
f37. A Kby to Haddon's Rudimbntary Arithmbtic. By A. Arman. is. 6d. 

The t indicates that these vols, may be had strongly bound at 6d. extra. 
, stationers' HALL COURT, LUDGATE HILL, E.C. 
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Mathematics^ Arithmetic, etc^ continued, 

168. DRAWING AND MEASURING INSTRUMENTS. Indud- 

iaf — ^I. Instmmeiits employed in Geometrical and Mechanical Drawing, 
and ID the Constmction, Copying^, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical CompuUtions. By J. F. Hbathvr, M.A. Illustrated, zs. 6d 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plant 
by Photoflraphy. By J. F. Ubathbk, M.A. Illustrated, is. od. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

ladudinp— I. Inftmments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astnnunnical Observa- 
tions. By J. F. Hbathxk, M.A. Illustrated, is. 6d. 
•»• The abov three volume* form an enlargemeni of the Auikof'a origmal work, 
** Meihemaiical Instrumenttr {See No. 42 m iJu Series,), 

g6%.) MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. > MA. Enlarged Edition, for the most part entirely re-wntteo. The 3 Parts as 
170.) a ove, in One thick Volume. With numerous Illustrations. 4*. 6d.t 

.58. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampl^ rapioity and accuracy. By Charlbs Hoars, CJS. Fiftfc 
Edition. With a Slide Rule in tuck of cover. 2s. 6d.t 

196. THEORY OF COMPOUND INTEREST AND ANNUl- 
TIES ; with Tables of Logarithms for the more DiflScult Computations of 
Interest, Discount, Annuities, &c. By F^dor Thoman. 4s.t 

199. THE COMPENDIOUS CALCULATOR; or, Eisy and Condsc 
Methods of Perfonring the various Arithmetical Operations reanixed in 
Commercial and Business Transactions ; together with Useful Tables. By 
D. O'GoRMAN. Twenty-sixth Edition, carefully revised by C. Norris. ^s., 
cloth limp : 3s. 6d^ strongly half-bound in leather. 

204. MATHEMATICAL TU^Z^^, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. Bv Prof. J. R. Youno. New Edition. 43.^ 
J04«. LOGARITHMS, With Mathematical Tables for Trigonometrical. 
Astronomical, and Nautical Calculations. ByHBNRYLAW,M.liist.C.£. New 
and Revised Edition. (Forming part of the above Work). 3s. 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and MahometaB 
Calendars. By W. S. B. Woolhousb. F.R.A.S., F.S.S. Sixth Edition. 2s.t 

227. MATHEMATICS AS APPLIED TO THE CONSTRUO 
TIVB ARTS, Illustrating the various processes of Mathematical Investi- 
gation, by means of Arithmetical and Simple Algebraical Ecjuations and 
Practical Examples. By FRAMas Campin, C.E. Second Edition. 3s.t 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY. By Professor George Fownks, F.R,S. With 

an Appendix on the Application of Chemistry to Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of- By 

C. ToMUNSON. Woodcuts, zs. 6d. 

6. MECHANICS, Rudimentary Treatise on. By Cha&ues Tom 

LINSON. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles of Klectrical 

Science, and the purposes to which it has been applied. By Sir "W. Smow 
Harris, F.R.S., &c. With Additions by R. Sabine, C.E., F.S.A. zs, 6d. 
:•. GALVANISM. By Sir W. Snow Haxris. New Edition by 
RoBBRT Sabinx, C.E., F.SJ\.. IS. 6d. 

8. MAGNETISM ; being a concise Exposition of the Greneral Prin- 
ciples of Magnetical Science. By Sir W. Snow Harris. New Kditios, 

revised by H. M. NoAP, Ph.D. With 165 Woodcuts. 3s. Cd.t 

' 7'^/' t indicates thai these vols, may be had ttronfrfy bou nd at 6d, ejcira. 

LONDON: CROSBY LOCKWOOD AND SON, 
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Physical Science, Natural Philosophy, etc., continued, 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C .E., F.S. A . 3s. 

12. PNEUMATICS, including Acoustics and the Phenomena of Wind 

Currents, for the Use of Beginners By Charles Tomlinson, F.R.S. 
Fourth Edition, enlarged. Illustrated, zs. 6d. [i^x^^ published, 

72. MANUAL OF THE MOLLUSCA; a Treatise on Recent and 
Fossil Shells. By Dr. 8. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tats, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 

96. ASTRONOMY. By the late Rev. Robert Main, M.A. Third 

Edition, by Willlam Thynnb Lynn, B.A., F.R.A.S. as. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. Fourth Edition, zs. 6d. 

138. TELEGRAPH, Handbook of the; a Guide to Candidates for 
Employment in the Telegraph Service. By R. Bond. 3s.t 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tatb,A.L.S.,&c. Woodcuts. 2a. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's " Rudiments." By Ralph Tatb, A.L.S., fltc. Woodcuts, as. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 
& Historical. Partly based on Major-General Portlock's '* Rudiments of 
174. Geolc^ry." By Ralph Tatb, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.t 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

& formerly Professor of Natural Philosophy and Astronomy in University 

.g^ CoU^e, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 

** •#• Sold also in Two Paris^ as follows : — 

183. Animal Physics. By Dr. Lardnbr. Part I., Chapters I.— VII. 4s. 

184. Animal Physics. By Dr. Lardnbr. Part II., Chapters VIII.— XVIII. 3s. 



FINE ARTS- 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting, he. By Gborgb Pymb. as. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
GLASS. From the German of Dr. Gbssbrt and Emanuel Otto From« 
bbro. With an Appendix on Thb Art or Enamklling. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Examples. By Charlbs Child Spbncbr. 2s. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charlbs Child Spbncbr. ss.6d. 

>-7i. MUSIC 6r* THE PIANOFORTE. In one vol. Half bound, 55. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Miniature. 
Painting on Ivory, Vellum. Pottery, Enamel, Glass, &c. With Historical 
Sketches of the firogress of the Art by Thomas John Gullick, assisted by 
John Times, F.S.A. Fifth Edition, revised and enlarged. 5s.^ 

[86. A GRAMMAR OF COLOURING, applied to Decorative 

Painting and the Arts. By Gborgb Fibld. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Elus A. 
Davidson. With two new Coloured Diagrams, &c. 3s.t 

•46. A DICTIONARY OF PAINTERS, AND HANDBOOK FOR 
PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lining and Restoring, Schools of Painting, Ccc. With Notes on the Copyists 
and Imitators of each Master. By Philippb Daryl. ss. 6d.t 

The X indicates that these vols, may be had strongly bound at 6d, extra. 



7, STATIONERS' HALL COURT, LUDGATE HILL. E.G. 



13 weale's rudimentary series. 

INDUSTRIAL AND USEFUL ARTS. 

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac- 
ture of. By £. DoBSON, M.R.I.B.A. Illustrated, 354 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Edmund Beckett, LL.D., Q.C. Seventh Edition, revised and en- 
larged. 4s. 6d> limp ; js. 6d. cloth boards. 
83*«. CONSTRUCTION OF DOOR LOCKS. Compiled from the 
Papers of A. C. Hobbs, and Edited by Charles Tomunson. F.R.S. 2s. 6d. 

162. THE BRASS FOUNDER'S MANUAL; Instructions for 
Modelling, Pattern- Making, Moulding, Turning, Filing, Burnishing, 
Bronzing, &c. With copious Receipts, &c. By Walter Graham. 2s.i 

205. THE ART OF LETTER PAINTING MADE EASY. By 
J. G. Badbnoch. Illustrated with 12 full-page Engravings of Examples, is. 

215. THE GOLDSMIIIPS HANDBOOK, containing full Instruc- 
tions for the Alloying and Working of Gold. By George £. Gbb, 3$.$ 

225. THE SILVERSMITH'S HANDBOOK, containing fuU In- 
structions for the Alloying and Working of Silver. By George E. Gbb. -ks.X 
•,• The two preceding Works, in One handsome Vol., half -bound, entitled ** The 
Goldsmith's & Silversmith's Complete Handbook,'' 7; . 

249. THE HALL^ MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED. By George E. Gbb. 35.* 

224. COACH BUILDING, A Practical Treatise, Historical and 
Descriptive. By J. W. Burgess. 2s. 6d.t 

235. PRACTICAL ORGAN BUILDING. By W. E. Bickson, 
M.A., Precentor of Ely Cathedral. Illustrated. 2S. 6d.t 

262. THE ART OF BOOT AND SHOEMAKING, including 

Measurement, 'Last-fitting, Cutting-out, Closing and Making. By JoH?f 
Bedford Leno. Numerous Illustrations. Second Edition. 7.^.X 

263. MECHANICAL DENTISTRY: A Practical Treatise on the 

Construction of the Various Kinds of Artificial Dentures,' with Formulae, 
Tables, Receipts, &c« By Charles Hunter. Third Edition. 33.$ 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHM- 
OLOGY, the FINE ARTS, &*c. By John We alb. Fifth Edition. Revised 
by Robert Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards. 

SO. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, enlarged. 35.* 

12. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 

B.A., M.D. A Family Guide in all Cases of Accident'and Emergency. 2s.t 
2*. MANAGEMENT OF HEALTH. A Manual ol Home and 
Personal Hygiene. By the Rev. James Baird, B.A. is. 

50. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

53. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmens. ss. 

54. GENERAL HINTS TO EMIGRANTS. 2s. 

57. THE EMIGRANTS GUIDE TO NATAL. By Robert 
James Mann, F.R.A.S., F.M.S. Second Edition. Map. 2s. 

93. HANDBOOK OF FIELD FORTIFICATION. By Jkfajor 

W. W. Knollys, F.R.G.S. With 163 Woodcuts. 35.* 

94. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Management, &c. By An Old Housekeeper. 3s. td.t 

94» HOUSE BOOK [The). Comprising :— I. The House Manager. 
2 & By an Old Housekeeper. II. Domestic Medicine. By R. Gooding, M.D. 
T2« III* Management op Health. By J. Baird. In One Vol., half-bound, 6s. 

l^he X indicates that these vols, may be had strongly bound at 6d. extra. 
TONPON : CROSBY LOCK WOOD AND SON, 
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EDUCATION AL AJSTD CLASS ICAL SERIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Origin and Progress of the English Constitution. By 
WiixiAM Douglas Hamilton, F.S.A.. of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvibn, MJ^., of Ballioi 
College, Oxford, as. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Ballioi College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Present Time. The Continuation by 
W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Cvents in English History, for the use of 

Candidates in Public and Private Exan&inatious. By the Rev. £. Rand, i^^ 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. ' By Hydb 
Clarkb, D.C.L. Fourth Edition, xs. 6d. 
II*. Philology ; Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hvdb Clarkb, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above zoo,ooo Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., ^s.6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
zyth Edition, zs. 6d. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Si>anish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R.A.S. Improved Edition, zs. 6d. 

51. The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain. Vicar- General and Professor at the 
Sorbonne. Translated from the French. 8th Edition, carefully corrected. 2s. 6d. 

52. Mining and Quarrying, with' the Sciences connected there- 

with. First Book of, for Schools. By J. H. Coluns, F.G.S., Lecturer to 
the Miners' Association of Cornwall ana Devon, zs. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. xs. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Georgb E. Wbbstbr. 2s. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 
Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely; 

formerly H.M. Inspector of Schools. 
Introductory Primer, td. 

a, d. 
Fourth Standard • • . i t 
Fifth „ .,.16 

Sixth „ ...16 

Lessons from the Biblb. Part I. Old Testament, is. 
Lessons from the Bible. Part II. New Testament, to which is added 
The Geography of the Bible, for very young Children. By Rev. C. 
Thornton Forster. zs. 2d. %• Or the Two Parts in One Volume. 2s. 

7, STATIONEBS* HALL COTTRT, LUDGATE HILL, £.€• 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large number of 

New Terms nsed in Engineering, Mining, &c. By Alfred Elwbs. xs. 6d. 

26. English- French Dictionary. By Alfred Elwes. as. 
15,26. French Dictionary (as above). Complete, in One VoL, 3s.; 

cloth boards, 3s. 6d. *«* Or with tne Grammar, clotl^ boards, 4s. 6d. 
47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Words, a CoI> 
lectioa of suitable Phrases, and Easy Familiar Dialogues, xs. 6dL 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, xs. 6d. 

40. German Reader; A Series of Extracts, carefully culled from the 

most approved Authors of Germany ; with Notes, Philological and £z> 
planatory. By G. L. Strauss, Ph.D. xs. 

41-43. German Triglot Dictionary. By N. E. S. A. Hamilton. 

In Three Parts. Part I. German-French-English. Part II. English-Ger- 
man-French. Part III. French-German- English. 3s., or doth boards, 4s 

41-43 German Triglot Dictionary (as above), together with German 
Sc 39. Grammar (No. 39), in One Volume, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwbs. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfrbd Elwes. 
Vol. X. Italian-English-French. 2s. 6d. 

30. Italian Triglot Dictionary. By A. Elwes. VoL 2. 

English-French-Italian. 2S. 6d. 

32. Italian Triglot Dictionary. ByALFXED Elwes. VoL 3. 

French-Italian-Engltsh. 2S. 6d. 

28,30, Italian Triglot Dictionary (as above). In One VoL, 7s. 6d. 

3a. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. "With 

a Course of Exercises. By Alfred Elwes. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, &c., 
with the prox>er Accents and the Gender of every Noun. By Alfred Klwes. 
4s. ; cloth boards, 5s. *«* Or with the Grammar, cloth boards, 6s. 

55. Portuguese GramiBiar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwbs. xs. 6d. 

56. Portuguese- English and English- Portuguese Dic- 

tionary. Including a large number of Technical Terms used in Mining, 
Kng^neering, See, with the proper Accents and the Gender of every Noun. 
Bv Alfred Elwes. 5s.; cloth boards, 68. %* Or with, the Grammar. 
cloth boards, 7s. 

HEBREW. 
46*, Hebre^wr Grammar. By Dr. Bresslau. is. 6d. 
44. Hebreiv and English Dictionary, Biblical and Rabbinical; 
containing the Hebrc w and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresslad. 6s. 

46. English and Hebre^w Dictionary. By Dr. Bresslau. 3s. 
♦4,46. Hebrew^ Dictionary (as above), in Two Vols., complete, with 

46*. the Grammar, cloth boards, X2s. 

LONDON : CROSBY LOCKWOOD AND SON, \ 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, is. 6d. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. as. 
22. English-Latin Dictionary; together with an Appendix of 
French and Italian Words which have their origin from the Latin. By the 
Rev. TuowAs Goodwin, M.A. is. 6d. 
3,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. 
cloth boards, 4s. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes in English, 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabnlaries and Explanatory Notes, by H. Youno. is. 6d. 

2. Caesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register tor the Use of Schools, by H. Youno. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Vlrgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M Jl., and on the Georgics by H. Youno. is. 6d. 

5. Virgllii Maronis ^neis. With Notes, Critical and Explanatoiy, 

hj H. Youno. New Edition, revised and improved With copious Addi- 
tional Notes by Rev. i. H. L. Lsary, D.C.L., tormerly Scholar oi Brasenose 
College, Oxlord. js. 

5* Part I. Books i.— vi., is. 6d. 

«5** Part 2. Books vii.— xii., 2S. 

6. Horace; Odes, Epode, and Carmen Saecnlare. Notes by H. 

Young, is. 6d. 

7. Horace ; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

RiGG Smith, M.A., F.R.G.S. xs. 6d. 

8. Sallustli Crisp] Catalina et Bellum Jugurthinum* Notes, Critical 

and Explanatory, by W. M. Donnb, BJ^., Trin. Coll., Cam. xs. 6d. 

9. Terentii Asdria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Da vies, M.A. xs. 6d. 
f o. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 
and Explanatory, by the Rev. Jambs Davibs, M.A. 28. 

11. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatoxy and Critical, by the Rev. 
Jambs Davibs, M.A. xs. 6d. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysts, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. tormerly Scholar ot Brasenose CoUeg^e, Oxford, 
xs. 6d. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Amt- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigo Smith, 
M.A., F.R.G.S. 2S. 

16. iLivy 8 History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part x. Books i., li., xs. 6d. 
16*. — — Part «. Books iii., iv., v., xs. 6d. 

17. Part 3* Books xxi., xxii., xs. 6d. 

19. Latin Verse Selections, irom Catullus, Tibullus, Propertins. 
and Ovid. Motes by W. B. Donnb, M.A., Trinity College, Cambridge, as. 

so. Latin Prose Selections, trom Varro, Columella, Vitruvius, 

Seneca, U^mtilian, Flonis, Velleius Paterculns, Valerius Mazimus Sueto- 
nius, Apuleins, Arc. Notes by W. B. Donnb, MJL. 2s. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 
i£scoTT, B.A., Lecturer on Logic at King's College, London. 3S. 

7, stationers' hall COURT, LUDOATB HILL, E.G. 
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14. Greek Grammar, m •coowiance vith the Priociples and Philo 

lagjcftl RgtaiciiM rf tbe ma^ wwwtt Schoiar» of ow own day. By Hani 

>S»<7- Greek I^exioonL ContiieniE sD the Words In General Use, witb 

Aek SiffBificatiom, InflectioM, and Dcvbtfnl Quantities. By Hbhry R. 
HaMLTtm. VflL x, Grock-EniM^ s«- 6d. ; VoL a. Enirlish-Gredc, ss. Or 
tbcT«oV«ls.iBOa«,4S.6d.: dotb boards, 5s. 

14,15. Greek Lexicon (as above). Complete, with the Grammas, is 

17- Ow V«k cteth boards, 6s. 
GREEK CLASSICS. With EzpUmatoiy Notes in English. 
I. Gr«ek Delectus. Cootaining Extracts from Classical Authors, 
with Geaeakietcal Vocaholaries and Explanatory Notes, by H. Youkg. New 
EditMA, snft an iw| r\A andcBlaiiod Sapplenentaiy Vocabulary, by . 



_ Joan 

HcTCBtsoK, MJU flf t^ Hich School, Glasgow, xs. 6d. 
t, 1. Xenophoii*s Anabasis; or. The Retreat of the Ten Thousand. 
Noses aada Goocrapbical Register, by JEL Toumo. Part x. Books i. to iii, 
IS. Pan a. Books iv. to vu, is. .^ ^ _^ ^ „ - ■« _i.L 

4. I.QCian*s Select Dialogues. The Text carefully revised, witk 

GtaaiMatical and Explaaatocy Notes, by H. Toumo. xs. 6d. 
r.ii. Homer, The Woiks oL Accotding to the Text of Bakumlkin. 

Witk Notes, Critical and Ezplanatory, drawn from the best and latest 

A n thofitie s , witk Praliauuiy Observations and Appendices, by T. H. L. 

LaasT, MJL, D.CX. 

Taa '"** : Part x. Books L to vi. xs.6d. Part 3. Books xiii. to xviit., xs. m, 

Part a. Books vii. to so., xs.6d« Part 4. Books xiz. to zxiv., is. 6d. 

!■• OOVSSBV: Part x. Books i. to vi., is. 6d Part 3. Books xiii. to xviii., is. 6d. 

Part a. BooksviLtozn.,xs.6d. Part 4. Books six. to zxiv., and 

Hymns, as. 
IV Plato's Dialoffues: The Apology of Socrates, the Crito, and 
dw Fhaedo. From the Text of C. F. Hkrmaiih. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs Davos, M.A, as. 
14-17. Herodotus, The Histoiy of, chieOy after the Text of Gaisfoid. 
With Prdimiaary Obsertations and Appendices, and Notes, Critical as^ 
Explanatory, by T. H, L. Lsarv. MJL, D.CX. 

Parti. Bo<As i, u. (The Clio and Euteroe), IS, 

Parts. Books iiL,iv. me Thalia and Melpomene), as. 

Part 3. Books v.-viL (The TerpsichorB, Erato, and Polymnia), as. 

Part 4. Books Tiii., ix. (The Urania and Calliope) and Index, is. 6d. 

18. Sopliocles: OEdipusTyrannus. Notes by H. Young, is. 

so. Sophocles: Antigone. From the Text of Dindosf. Notes, 
CriUcalaadExpUmatoiy,bytheRCT.JoHMMnj*«,BA. ss. 

tv Euripides : Hecuba and Medea, Chiefly from the Text of Dm- 
DOM. With Notes, Critical and Explanatory, by W. Brownugg Smrs, 
MJI-F.R.G.S. xs. 6d. ^ ^ , ^ ^ *.-rv tttu; 

«6. Euripides : Alcestis. Chiefly from the Text of Dindorf. Witl 

Notes, Critical and Explanatory. hyJoHMMiLNBR,B A. xs.6d. 
ta .^Ischylus : Prometheus Vmctus : The Prometheus Bound. Fiot 

the Tert of Dindorf. Edited, with English Notes, Critical and Explanatocy. 

by the Rev. Jambs Davibs, MA. xs, . ,.^ v 

ts .fschvlus: Septem Contra Thebes : The Seven agamst Thebes 
^ From tfie Text of DiNDORf . Edited, with English Notes, Critical and Ex 

planatory. by the Rev. Jambs Davibs, MA. is. 

40. Aristophanes: Achamians. Chiefly from. the Text of C. H 

Wbisb. With Notes, by C. S. T. Townshbnd. M A. is. 6d. 

41. Thucydides: History of the Peloponnesian War. Notes by K 

42. XenoVonVpanf^rlc on Agesilaus. Notes and Inti^ 

With English Notes. By Rev. T. H. L. Lbart, P.C.L,, formerly Sdwlar « 
firasenose College, Oxford, xs. 6d. __^ — 
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INCLUDING MANY NEW AND STANDARD WORKS IN 
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MECHANICS, MECHANICAL ENGINEERING, etc. 

yew Manual for Practical Engineers. 

THE PRACTICAL ENGINEEB'S HAND-BOOK. Comprising 
a Treatise on Modern Engines and Boilers, Marine, Locomotive and Sta- 
tionary. And containing a large collection of Rules and Practical Data 
relating to recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constituting a 
comprehensive Key to the Board of Trade and other Examinations for Certi- 
ficates of Competency in Modern Mechanical Engineering. By Walter S. 
HuTTON, Civil and Mechanical Engineer, Author of "The Works' Manager's 
Hand-book for Engineers," &c. With upwards of 370 Illustrations. Second 
EUlition, Revised with Additions. Medium 8vo, nearly 500 pp., price 185. 
Strongly bound. [Just published. 



This work is designed as a companion to the Author* s "Works' 
Manager's Hand-book." Jt possesses many new and original features, and con- 
tains, like its predecessor, a quantity of matter not originally intended for publica- 
tion, but collected by the author for his own use in the construction of a great variety 
of modem engineering work. 

The information is given in a condensed and concise form, and is illustrated by 
upwards of no Woodcuts; and comprises a quantity of tabulated matter of great 
value to all engaged in designing, constructing, or estimating for Engines, Boilers 
and OTHER Engineering Work. 

%* Opinions of the Press. 

" We have kept it at hand for several weeks, referring to it as occasion arose, and we have not 
on a single occasion consulted its pages without finding the information of which we were in quest." 
— Athenteum. 

" A thoroughly good practical handbook, which no engineer can go through without learning 
something that will 6e of service to him."— AfafYn^ Engineer. 

" An excellent book of reference for engineers, and a valuable text-book for students ot 
engineering." — Scotsman. 

" This valuable manual embodies the results and experience of the leading authorities on 
mechanical engineering."— ^Mt/tftTf^^ News. 

" The author has collected together a surprising quantity of rules and practical data, and has 
shown much judgment in the selections he. has made. . . . There is no doubt that this book is 
one of the most usefiil of its kind published, and will be a very popular compendium."— i?»^'wMr. 

" A mass of information, set down in simple language, and in such a form that it can be easily 
referred to at any time. The matter is uniformly gooa and well chosen, and is greatly elucidated 
by the illustrations. The book will find its way on to most engineers' shelves, where it will rank as 
one of the most useful books of reference."— /'rac^iot/ Engineer. 

" Full of useful information, and should be found on the office shelf of all practical engineers." 
•—English Mechanic, 

■ 



t CROSBY LOCKWOOD «• SON'S CATALOGUE. 

Handbook for Works* Managers. 

THE WORKS* MANAGER'S HANDBOOK OF MODERN 
RULES, TABLES, AND DATA. For Bngineen, Millwrights, and Boiler 
Makert; Tool Makera, Machinist!, and Metal Workers; Iron and Brass 
Foonders, ftc. Bt W. S. Hutton, Civil and Mechanical Engineer, Author 
of ''The Practicau Engineer's Handbook." Third Edition, carefully Revised, 
witti Additions. In One handsome VoL , medium Bvo, price 15$. strongly bound. 



Th* Author having ccmpiUd Rules and Data for his own use in a, great 
variety of modem engineertng work, and having found his notes extremely useful, 
decided to publish them-^nised to date— believing that a practical work, suiud to 
the DAihY KSQUiRKHBNTS OP MODBKN ^viGWEMMA, would be favour ably received. 

In the Third Edition, the following among other additions have been made, vix.: 
Rules for the Proportions of Riveted Joints in Soft Steel Plates,the Results of Experi- 
ments by PaorassoR Kenhedy for the Institutum of Mechanical Bngrineers— Rules 
for the Proportions of Turbines—Rules for the Strength of Hollow Shafts of Whit- 
worth's Compressed Steel, &c, 

♦»* Opinions of the Press. 

*'The author treats every subject from the point of view of one who has coOected workshop 
notes for application in worluhop practice, rather than from the theoretical or Utenry aspect. The 
volboM conuins a great deal of that kind of inforniatioii which is gained only by practical ezperi- ' 
«nce. and is seldom written in books." — Bw in ggr, 

"The Tolume is an exceedingly useftuone. brimftil with engineers' notes; memoranda, and 
rulest and well worthy of being on every mechanical eng i nee r 's booksiielf." — MecMtntical World. 

"A formidable mass of facts and figures; readuy accessible through an elaborate index 
.... Such a Tolume will be found absohitely necessary as a book of reference in all wtts 
of 'works' connected with the metal trades."— J^/sm^'x Iron TratUs Circular, 

" Brimful of useful information, stated in a concise form. Mr. Hutton's books have met a press- 
ing want among enfnneers. The book must prove extremdy useful to every practical m^ 
posscvking a copy."— Practical Enji^tteer. 

The Modernised *^ TempletimJ^ 

THE PRACTICAL MECHANICS WORKSHOP COM- 
PA NION, Comprising a threat variety of the most useful Rules and Formnla 
in Mechanical Science, with numerous Tables of Practical Data and Calca- 
lated Results for Facilitating Mechanical Operations. By Wiluam Tbxple- 
TON, Author of "The Engineer's Practical Assistant, &c &c. Fifteenth 
Edition, Revised, Modernised, and considerably Enlarged bv Wax.ter S. 
Hutton, C.E., Author of "The Works' Manager's Handbook," "The 
Practical Engineer's Handbook," &c Fcap. 8vo, nearly 500 pp., with Eiebt 
Plates and upwards of 350 Illustrative Diagrams, 65., stron^y bound lor 
worksh<^ or pocket wear and tear. 

KT Templeton's " Mechanic's Workshop Companion *' has beet^/or mon 
than a quarter of a century deservedly popular, and, as a recognised Text-Book otid 
well-worn and thumb-marked vade mecum of several generations of intelligent 
and aspiring workmen, it has had the reputation of having been the means of raising 
many of them in their position in life. 

In conuquence of the lapse of time since the Author's death, and ike great 
advances in MechanuMl Science, the Publishers have thought it advisable to Mve it 
entirely Reconstructed and Modernised ; and in its present greatly Enlarged and 
Improved form, they are sure that it will commend itself to the English workmen cj 
the present day all the world over, and become, like its predecessors, their indispens' 
able friend and referu, 

A smaller tybe having been adopted, and the page increased in size, while the 
number of pages has advanced from about 330 to nearly 500, the book practically con' 
tains doubU the amount of matter that was comprised in the original worh» 

\* Opinions of the Press. 

" In its modernised form Hutton's ' Templeton ' diould have a wide sale, for it contafiis modi 
valuable information which the mechanic will often find of use, and not a few tables and notes which 
he might look for in vain in other works. This modernised edition will be appreciated by aU who 
have learned to value the original editions oi * Templeton.' "—English Meckanie. 

" It has met with great success m the engineenng worlcshop, as we can testify ; and these are 
a great many men who. in a great measure^ owe their rise in Ufe to this little book."— Aa(<AA»^ Ses>i 

'* This familiar text>book— well known to all mechanics and engineers— is of essential service : 
the everjr-day requirements of engineers, millwrights and the various trades conikected vi: 
engineenng and building. The new modernised edition is worth its weight in sold."— AnZi^i'- 
Ncws. (Second Notice.) 

. J* ^«® publishers wisely entrusted the task of revision of this popular, vahiable and aseful book 
, to Mr. Hutton. than whom a more competent man they could not have fonnd."— /rove 

k 
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Stone-'Warking Machinery. 

STONE-WORKING MACHINERY, and the Rafid and EconomU 
col Conversion of Stone, With Hints on the Arrangement and Management 
of Stone Works. By M. Powis Balk, M.I.M.E., A.M.I.C.B. With nomerous 
lUnstrations. Large crown 8vo, 9s. cloth. 

"The book should be in the hands of erery mason or student of stone-work."— C«£M(»y 
Guardian. 

" It is in erery sense of the word a standard work upon a subject which the author is fufly 
competent to deal exhaustively with."— ^Mt/i&r'j IVtekly Refarter, 

" A capital handbook for all who maaipulate stone for buUdinsf or ornamental purposes.' — 
Alackinery Market, 

Turning. 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, 
and Processes employed in the Art of Turning. By Paul N. Hasluck, 
Third Edition, Revised and Enlarged. Crown 8vo, 5s. cloth. 
" Written by a man who knows, not only how work ouf ht to be done^ but who also knows how 

to do it, and how to convey his knowledge to others. To all turners this book would be valuable." 

—Ef%gituering. 

**We can safely recommend the work to youne engineers. To the amateur it will simply be 

Cn valuable. To the student it will convey a great deal of usefiil information."— £n^M««r. 

** A compact; succinct, and handy guide to lathe* work did not exist in our language unt Mr. 

Hashidc, by the publication of this treatise, gave the Xyuxt/bx 9kXxv»vade'nucuiK,"— House Dtcoratvr, 

ScreW'Cutting. 

SCREW THREADS : And Methods of Producing Them. With* 

Numerons Tables, and complete directions for using Screw-Cutting Lathes. 

By Paul N. Hasluck, Author of " Lathe- Work," " The Metal Turner's 

Handybook,*' &c. Waistcoat-pocket size, price is. [yust published, 

" Full of useful Information, hints and practical criticism. Taps, dies and so ewing'^ools gene- 
••• bed."-/ 



rally are illustrated and their action described."— J/ifcAan^os/ IVorid. 

" It is a complete compendium of all the details of the screw.cut1 

in parvo on all the subjects it treats yr^oxi." ■—Carpenter and Builder. 

Engineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT. A collection of Useful Tables, Rules and Data. 
By William Templbton. Seventh Edition, with Additions. i8mo, 2s. 6d, 



cloth. 

'Tempi 

resent to an apprentice to any of the mechanical trades could not possibly be made.'*'>^M</UiM/' 



*' Templeton's handbook occupies a foremost place among books of this kind. A more^suitable 

S resent to an aoorentice to any of the mechanical trades could 



A deservedly appreciated work, which should be in the ' drawer ' of every mechanic."— 
English Mechanic. 

Iron and Steel. 

«* IRON AND STEEL " ; A Work for the Forge, Foundry, Factory, 
and Office. Containing ready, useful, and trustworthy Information for IroB- 
masters and their Stock-takers; Managers of Bar, Kail, Plate, and Sheet 
Rolling Mills; Iron and Metal Founders; Iron Ship and Brid^ Builders ; 
Mechanical, l4ining, and Consulting Engineers ; Architects, Contractors, 

" )t 




_ — folding „ 

Bnglisn Foot,*' and " Fixed Scales of Squares, Cubes, and Roots, Areas, 
Decimal Equivalents,*' &c. Oblong samo, leather, elastic band, 6s, 
■• For comprehensiveness the book has not its equal"— /roM. 

■' One of the best of the pocket books, and a useful companion In other branches of work thaa 
iron and sttK^."— English Mechanic. 

•' We cordially recommend this book to those engaged in conndering the details of all kinds or 
iron and steel works."— JVAnW SHence, 

JBigh^Bressure Steam Engines. 

THE HIGH-PRESSURE STEAM-ENGINE : An Exposition 
of its Comparative Merits and an Essay towards an Improved System of construe- 
turn. By Dr. Ernst Alban. Translated from the German, with Notes, by 
I>r . PoLB, M. Inst. C.E., &c. With a8 Plates. 8vo, i6s. 6d, cloth. 
*' Goes thoroughly Into the examination of the high-pressure engine, the boUer, and Its append* 
use*, and deserves a place in erery scientific Hbrary.^— J/lnim Shi^ng Chronicle, 



CROSBY LOCKWOOD «• SON'S CATALOGUE, 



Engineering dmetruetion. 

PATTERN 'MAKING : A Practical Treatise, embracing the Main 

Types of BncineerinE Conttniction, and incladine Gearing, both Hand and 

Machine made, Eni^ine Work, Sheaves and Pulleys, Pipes and O^nnms, 

Screws, Machine Parts, Pomps and Cocks, the Moulding of Patterns in 

Loam and Greensand, &c.. together with the methods of Estimating the 

weight of Castings; to whicn is added an Appendix of Tables for Workshop 

Reference. Br a Fokbman Pattbrn Makxb. With upwards of Three 

Hundred and seventy Illustrations. Crown 8to, ys. 6d. cloth. 

** A well-written technical ralde, evidently written by a man who undeistands and has piac- 

tiled what he has written about, we cordially recommend it to engineering' students, young 

Jouraevmen. and othen dealroui of being initiated into the mysteries of pattern-making."— ^wi/Uier. 

" Likclr to prove a welcome guide to many workmen, especiallv to draughtsmen who hare 

bcked a training in the shops, pupils pursuing their practical studies m our factories, and to em- 

pl03rers and managers in engineoing works. —NanlvMtre Trade youmal. 

" More than 370 illustrations help to explain the text, which is, however, always clear and ex< 
pliclt, thus rendering the work an excellent vtuit meeutm for the apprentice who desires to become 
master of his tn/^ -^Enftisk Mtchanic. 

JHctionary of Mechanical Engineering Terms* 

LOCKWOOD' S DICTIONARY OF TERMS USED IN THE 
PRACTICE OF MECHANICAL ENGINEERING, embracing those current 
in the Drawing Office, Pattern Shop, Foundry, Fitting, Turning, Smith's and 
Boiler Shops, &c. &c. Comprising upwards of 6,000 Definitions. Edited by 
A Foreman Pattsrn-Maksr, Author of "Pattern Making." Crown 8yo, 
« 7S. 6d. cloth. q^M5/ published. 

'* Just the sort of handy dictionary required by the various trades engaged m mechanical en- 



gineering. The practical engineering pupil will find the book of great value in his studies, and 
every foreman engineer and mechanic should have a copy." — SuiUing News. 

"After a careful examination of the book, and trying all manner of words, we think that the 



engineer will here find all he is likely to require. It will be largely used." — Practical Engineer. 

" This admirable dictionary, although primarily intended for the use of draughtsmen and other 
technical craf^^men, is of much larger value as a book of reference, and will find a ready welcoine 
ill many libraries."— <;/kur^«w Heratd. 

Smith's Tables far Mechanics^ etc* 

TABLES, MEMORANDA, AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, eU. 
Selected and Arranged by Frahcis Smith. Fourth Edition, Revised and En- 
larged, 350 pp., waistcoat-pocket size, X5. 6d. limp leather. [Just published. 
" It would, peshaps, be as difficult to make a small pocket-book selection of notes and formuhe 
to suit ALL en^eers as it would be to make a universal medicine ; but Mr. Smith's waistcoat- 
pocket collection may be looked upon as a successful attempt." — Engineer. 

" The best example we have ever seen of 250 pages of useful matter packed into the dtmen< 
sions of a card-case." — Building News. 

"A veritable pocket treasury of knowledge."— /row. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS: Their Strength, Con- 
struction, and Economical Working, By Robert Wilson, C.E. Fifth Edition, 
ismo, 6s. cloth. 

" The best treatise that has ever been published on steam boOers." — Engineer. 
"The author shows himself perfiect master of his subject, and we heartily recommend aD eio- 
ploying steam power to possess themselves of the work. —Inland's Iron Trade CirtMtar. 

Boiler Chim^neys. 

BOILER AND FACTORY CHIMNEYS; Their Draught-Power 
and Stability, ■ With a Chapter on Lightning Conductors. By Robert 
Wilson, A.I.C.E., Author of "A Treatise on Steam Boilers," &c. Second 
Edition. Crown 8vo, ss. 6d. cloth. [Just published. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER, With Ex- 
amples of Practical Geometry and Templating, for the Use of Platers, 
Smiths and Riveters. By John Courtney, Edited by D. K. Clark, M.I.CE. 
Second Edition, Revised, with Additions, lamo, 5s. half-bound. 

" A most useful work. .... No workman or apprentice should be without this book."— 
/r*« rrade Circular. 

" A reliable guide to die working boiler-maker."— /row. 

«.^«r-5**-^![;"*''*" '^'^i*^**"^*."^*'^*^ *"** ^^"^ <>'' t^w ▼olume. • • . The tables are deaiiy 
^S^ ?hi tfl^il'SllSfL' *^J *^ ^ referred to with the greatest fadU^, so that auSS 
aoubted that they wlU be generally appreciated and much use<I"— jVAt^w Journal, 
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Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. With a Sup- 
plement on Gas Engines. Bj T. M. Goodbvb, M.A., Barrister-at-Law, 
Author of "The Elements of Mechanism," &c. Ninth Edition. With 
numerous Illustrations. Crown 8vo, 6s. cloth. 

"Professor Goodeve has given us a treatise on the steam engine which win bear comparison 
with anjrthing written by Huxley or MazwelL and we can award it no higher pn^a^"—JBfijgiM€er. 

" Professor Goodeire's boolc is ably and clearly written. It is a sound worlc." — Athenaum. 

" Mr. Goodeve's text-l>oolc is a work of which every young engineer should possess himself." 
^■Mining' youmal. 

" Essentially practical in its aims. The manner of exposition leaves nothii^ to b#desired."— 
Scfftsman. 

" A valuable vade mecum for the student of engineering, and should be in the possession of 
every scientific tvaAsx."— Colliery Guardian. 

Oas. Engines. 

ON GAS-ENGINES, Being a Reprint, with some Additions, of 

the Supplement to the Text-book on the Steam Engine^ by T. M. Goodeve, 

M.A. Crown 8vo, 2s. 6d, cloth. [J^t published, 

" Like all Mr. Goodeve's writings, the present is no exception In point of general excellence. 
It is a valuable little volume.''— AIe^anica2 IVitrtd. 

" ThU little book wiQ be useful to those who desire to understand how the gas-engine works. 
—Eng'tish Mechanic. 

Steam. 

THE SAFE USE OF STEAM. Containing Rules for Un- 
professional Steam-users. By an Engineer. Fifth Edition. Sewed, 6d. 

" If steam-users would but learn this little book by heart, boiler explosions would become 
sensations by their taxity."— English Mechanic. 

CocU and Speed Tables, 

A POCKET BOOK OF COAL AND SPEED TABLES, for 
Engineers and Steam-users. By Nelson Foley, Author of " Boiler Con- 
struction." Pocket-size, 35. 6d. cloth ; 45. leather. 

" This is a very useful book, containing very useful tables. The results given are well chosen, 
and the volume contains evidence that the author really understands his subject. We can recom- 
mend the work with pleasure." — Mechanical World. 

" These tables are designed to meet the requirements of every-day use ; they are of sufficient 
scope for most practical purposes, and may be commended to engineers and users of steam."— 
iron. 

" This pocket-book well merits the attention of the practical eng^eer. Mr. Foley has com- 
piled a very useful set of tables, the information contained in which is frequently required by 
engineers, coal consumers and userj of steam."— /rM» and Coal Trades Review, 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Management: Re- 
marks on Fire-Proof Buildings, and the Preservation of Life from Fire ; 
Statistics of the Fire Appliances in English Towns ; Foreign Fire Systems ; 
Hints on Fire Brigades, &c. &c. By Charles F. T. Young, C.E. With 
numerous Illustrations, 544 pp., demy 8vo, £1 45. cloth. 

** To such of our readers as are interested in the subject of fires and fire apparatus, we can most 
heartily commend this book. It is really the only English work we now have upon the subject."— 
JSne^feering- 

** It displays much evidence of careful research ; and Mr. Young has put his facts neatly 
tc^rether. It is evident enough that his acquaintance with the practical details of the construction of 
steam fire engines, old and new, and the conditions with which it is necessary they should comply, 
is accurate and tv^"-~Engineer, 

0€ts JLighting. 

COMMON SENSE FOR GAS-USERS: A Catechism of Gas- 
Lighting for Householders, Gasfitters, MUlounurs, Architects, Engineers, etc. 
By Robert Wilson, C.E., Author of "A Treatise on Steam Boilers." 
Second Edition, with Folding Plates and Wood Engravings. Crown 8vo, 
price 15. in wrapper. 

** Allfias-users will decidedly benefit, both in pocket and comfort if they will avail themselves 
of Mr. Wuson's counsels."— £»i*M*r»>»;^. 
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THE POPULAR WORKS OF MICHAEL REYNOLDS 
(**Tbs Bnoivb Drxvxr's Fkxbmd "). 

jAkCMHoHve'Bingine Driving. 

LOCOMOTIVE-ENGINE DRIVING : A Practical Manml for 
Bmrjm«tn m ciuurgig of Locomotive Bngina. By Michael Rbynolos, Member 
of tna Sociaty of Bnjnneert, formerly Locomotive Inspector L. B.and S.C.R. 
Eighth Edition. Including a Key to the Locomotivb Enoxbr. With Illus- 
tratioDi and Portrait of Author. Crown 8vo. 4s. 6d. cloth. 
" Mr. Reynolds hM nippUed a want, and has supplied it welL We can confideodjr recommend 

tka book, npt oiriy to tlie practical driver, but to everyone who takes an interest in the perfhrnnnre 

of toconodve enffiBes."— TVk^ Engituer. 

"Mr. Reynolds has opened a new chapter in the literature of the day. This admiraUe pnctica] 

treatiee, of the practical utility of which we have to speak in terms of warm commendatino."— 

" Evidently the work of one who knows his wbject thoroughly."— Railway Serrrice Gtucetu. 
*' Were the cautions and rules given in the book to become part of the every-day wgridng oT 
oar eaKiaa-driver^ we miKht have fewer distressing accidents to deplore."— tSanfaMoft. 

StoHwMtry Engine Driving. 

STATIONARY ENGINE DRIVING : A Practical Manual for 
Enginetn in charrt of Siatimuuy Engitus. By Michael Reynolds. Third 
Edition, Enlarged. With Plates and Woodcuts. Crown 8vo, 4s. 6d. cloth. 
"The autlMr is thoroughly acquainted with his subject^ and his advice on the Tarioos points 

treated is clear and practical. . . . He has produced a manual which is an exceedingly nsefol 

one for the class for whom it is specially intendcKi." — Sngituerirtf. 

is determined that Us 



**Our author leaves no stone unturned. He is determined that Us readers shall not onfylmo* 
•enething about the stationary engine, but aO about ki/'—Engituer. 

"An engineman who has mastered the contents of Mr.Rcynolds's Ixxdcwfll requfa« but litde actual 
experience with boilers and engines before he can be trusted to look after them."—- f y^/<rA Mechanic 

The Engineer^ Eireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 

ENGINE-BOY. Comprising a Historical Notice of the Pioneer Locomotive 

Engines and their Inventors. By Michael Reynolds. With nnmerons lUus- 

trationt and a fine Portrait of George Stephenson. Crown 8vo, 4J. 6d. cloth. 

** FrooB tiM technical knowledge of Uae author it will appeal to the railway man of to-day more 

fMdbl* than anything written by l>r. Smiles. . . . The volume contains mformation of a tech- 

ideal kind, and factt Utat every driver shouki be fiuniliar wkh.''-~Et^iish Mechanic. 

"We should be ^ad to see this book in the possession of everyone in the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine."— /rwi. 

ihntinuous Eailway Brakes, 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on 
tht several Systems in Use in the United Kingdom; their Construction and 
Performance. With copious Illustrations and numerous Tables. By Michael 
Reynolds* Large crown 8vo, 9s. cloth. 
" A popular explanation of tiie different brakes. It will be of great assistance In forminsr paMk 

Stinioo, and will be studied with benefit by those who take an interest in the brake.'*--2Mf /uA 
tchanie. 
"Written with sufident technical detail to enable the principle and relative connectioii of tks 
various parts of each particular brake to be readily gcaspeo."— ifcdkoM&n/ World. 

Engine^Driving lAfe. 

ENGINE-DRIVING LIFE; or, SHrring Adventures and Inci- 
dents in the Lives of Locomotive-Engine Drivers, By Micbaei, Reynolds. 
Ninth Thousand. Crown 8vo. as. cloth. 

" From first tolast is perfectly fascinating. Wtlkie CoIHns's most thrilling conceptions atre thrown 
into the shade by true incidents, endless in their variety, related in ev^Typ»g6.''—NoriMBrU£rhMaii. 
"Anyone who wishes to get a real Insight into railway life cannot ao better than read * Engine- 
Driving Life ' for himself ; and if he once take it up he will find that the author's eadiuslasna and real 
leva of tne engine driviagprofessionwiB carry Um on tiU he has read every page.*-^S«<lwr<i^yJg<»irir. 

JPocket Companion for Enginetnen. 

THE ENGINEMAN* S POCKET COMPANION AND PRAC- 
TICAL EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS, 
AND MECHANICS. By Michael Reynolds. With Forty-five Illustra- 
tions and numerous Diagrams. Second Edition, Revised. Royal i8mt>, 35. 6^., 
strongly bound for pocket wear. J Just published. 

This admirable work is well suited to accomplish its object, being the honest worfcmanshlD oc 
% competent engineer."— ^;/4rv»w //«yvA£. «- j *» "» k 

.1' A most meritorious work, giving in a succinct and practical form all the infonnatioa im ensine- 
lader dttut>us of mastering the scientific principles of his daily calfing would nmux^"— Miller 
A boon to those who are striving to become efficient mechairics.'^/la£(r Chronieie. 
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French-English Qtoasary for EngineerSf etc. 

A POCKET GLOSSARY of TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH :nilhTablesnHab]e lor IhtAicblKctaTtl, 
Engineerina, Manufacluring and Nautical Professions, Bi Jons JiHES 
Fletcheh, EDgineci and Surve;oc ; 3ao pp. Wftiitcoat-pockcl siie, 11. 6d., 

Portable Engines. 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 
UANAGEUENT. A Pcaclical Mmiual for Own«s and Users cf Steam 
Engmes generalljr. By Wiluau Disoh Wahsbkouoh. With go lllusua- 
tloos. Crown Svo, 31. &f. clotb. [Jul fubliihid. 

" Such d (VjbbJ knnlBdni dE ibavKum mgina u M j. WombrwiRli Aimis)i4 to ilie readn 
should he uquind by lH InblJliccnl Dvnen and Dthen wKo lue Ih? t1«ani engine. "—Buijtiing jVn^. 
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I/R HUUBER'S tUPORTANT ENQINEERIHB BOOKS. 
The Water Supply of Cities and Towns, 

A COMPREHENSIVE TREATISE ok the WATER-SUPPLY 
OFCITIES AND TOWNS, fiyWiLLiAH Huhbik, A-U. Init. C.E., and 
M. lost. U.K, Auibor of "Cast and WcDugbt Inm Bridge Coagimciion," 
&c. &c. Illustrated with jo Double FJatca, i Single Plate, Colonicd 
Fronliapiecs, and upiraids of IJo WoodEuts, and containing 400 pages oi 
Teit. Imp. 4to, fB Gi. elegantlr and Enbstasiiallj half-bomid m moiocco. 
ef Contati. 




Cast and Wrought Iron Bridge Contraction, 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IRON BRIDGE CONSTRUCTION, including /n« 
- ■-•■--, InTbreo Parts— Theorelica], Practioal^and DescriptiYe. "- 
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MR. H UMBER'S GREAT WORK ON MODERN ENGINEERING. 

Conpleie in Four Volomet, imperial 4to, price /x2 iss., half-morocca Each 

Volame sold •epaxately as follows :— 

A RECORD OF THE PROGRESS OF MODERN ENGINEER- 
ING, First Ssribs^ Comprising Civil. Mechanical, Marine. HTdraulic, 
Railway, Bridfe, and other Engineering Works, ftc. By William Ruubbr, 
A-M. Inst. C.B., ftc Imp. 4to, with 36 Double Plates, drawn to a large scale, 
Photographic Portrait ot John Hawkshaw, C.B., F.R.S., &c., and copioas 
deacriptive Letterpress, Specifications, &c., £3 35. half-morocco. 

List of th* Plates and Diagrams. 

VIcftcifia StatioB aad Roof. L. B. & S. C. R. Thames. West London ExtensioB Rd«>r ($ 
ft pUtes); Southpoft Fter (a pUtes); Victoria plates); Annour Plates: Suspension Bn$«i 
Statioa and Root, L. C. & D. and G. W. R. (6 Thunes (4 plates) ; The Allen Engine; Sa» 
pUtas): Roof of Crononie Music Hatt; Bridge pensioo ^idgre. Avon (3 plates); Undosiound 
ever C. N. Railway ; Roof of Sutioo. Dutch Railway (3 pfitos). 
Whenhh Rail (s plates); Bridge over the 

" Handsomdy Btbographed and printed. It will find fiivour with many who desire to present 
la a permanent form copies of the plans and spedficaticHis prepared for the fuidanoe of the con- 
tractors far many impoitant engineering wofik%r—£neituer, 

HUMBBR'S RECORD OF MODERN ENGINEERING. Second 
Skriks. Imp. ato, with 36 Double Plates, Photographic Portrait of Robert 
Stephenson, C.B., M.P., F.R.S., ftc, and copious descriptive Letterpress, 
Specifications, ftc, £3 3s. half>morocco. 

List of tlu Plates and Diagramu. 

and Abeinvenny RnOway; Ebbw Vodod; 
Merdijrr. Tredi«rar. and Abetgammy R*u- 
way; College Wood Vladact. CornwaB Raf 
waj: Dubim Winter Palace Roof (3 pbtes); 
Bridge over the Thames. L. C.&D.RiilnT 
(6 plates) ; Albeit Harbour. Greenock (4 phia)- 



Birkenhead Docks, Low Water Basfai (15 
^ates»; Chazii« Cross Statioe RooC C. C. 
Railway (3^ pUtes); Digswell Vladnct. Great 
Noithen Railway: Robbery Wood Viaduct. 



Great Northern Raflway; Iron 

Way: Clydach Viadnct. Meithyr. Tredegar, 



** Mr. Humbcr has done the profession good and true senrice. by the fine coBectioaof enmples 
he has here hnwght before the prafessioa and the public"— ^^«cfft»/ Mtchanids ^ntnul, 

NUMBER'S RECORD OF MODERN ENGINEERING. Third 
Sbribs. Imp. 4to, with ao Double Plates, Photopiraphic Portrait of ]. R- 
M 'Clean, late Pres. Inst. C.B., and copious descnptive Letteri^ess, Speci- 
fications, ftc, £1 3s. half-moroocc. 

L%st of the Plates and Diagrams, 



Main Drainage, Mbtropous.— Ai»r<ft 
Side, — Map showing Interception of Seweis; 
Middle Level S«w«r (3 plates) ; OutfiJl Sewer, 
Bridge over River Lea (3 plates) : Outfall Sewer, 
Bridge orer Marsh Lane. North Woolwich 
RailwaT. and Bow and Barking Railway Junc- 
tion; Uutfall Sewer, Bridge over Bow and 
Barking Railway (3 plates); Outfall Sewer. 
Bridge over East London Waterworks' Feeder 
(a plates) ; Outfall Sew«r, Reservoir (a plates) ; 
Outfidl Sewer. Tumbling Bay and Outlet ; Out- 
faU Sewer. Penstocks. S^tk Sh^.— Outftll 
Sewer, Bermondscy Branch (a plates); Out&ll 

** The drawings have a constanUy increasing value, and whoever desires to possess dear repre- 
sentations of the two great woiks carried out bj our Metropolitan Board will obttin Mr. Huaibers 
volume."— ^£»v»'•«f»'• 

HUMBERTS RECORD OF MODERN ENGINEERING. Fourth 
Seribs. Imp. 4to, with 36 Double Plates, Photoppraphic Portrait of John 
Fowler, late Pres. Inst. C.B., and copious descnptive Letterpress, Speci- 
fications, ftc, £3 3s. half-morocco. 

List of the Plates and Diagrams. 



Sewer. Reservour and Outlet (4 plates) ; Oot&n 
Sewer, Filth Hoist ; Sections of Seecis (Noitli 
and South Sides). 

THAMES Embankment.— Sectioa of Rna 
Wall : Steamboat Pier. Westminster (s plates); 
Landmg Stairs between Charing Cross and 
Waterloo Bridges ; York Gate (a {dates); Orer- 
flow and Outlet at Savoy Street Sewer (3 plates! ; 
Steamboat Pier. Waterloo Bridge 6 plates) ; 
Junction of Sewers, Plans and Sections; 
GuIUes. Plans and Sections; Roilii« Stock; 
Granite and Iron Forts. 



Abbey Mflb Pumping Station. Main Drain- 
ag«, Metropolis (4 plates) ; Barrow Docks (5 
pUtes) ; Manquis Viaduct. Santiago and Val* 
puaiso Railway (ajolates); Adam's Locomo- 
tive. St. Helen's Canal Railway (a plates); 
Cannon Street Station RooC Coanng Cross 
Railway (3 plates) ; Road Bridge over the River 
Moka (a plates); Tdegraphic Apparatus for 



Mesopotamia ; Viadnct over the River WfC 
Midland Railway (3 plates) ; St. Gennaas Via- 
duct, Cornwall RaiDway (a plaites) ; Wrougiit- 
Iron Cylinder for Diving BdD ; MillwaU Docks 
(6 plates); Milroy's Patent Excavator; Metro- 
politan IMstrict Railway (6 plate^ ; Harbous. 
Forts, and Breakwaters (3 ptates). 



••We gladly welcome another year's issue of this valuable publication froaa Hie able pes rf 
Mr. Humbcr. The accuracy and general exccDence of this work are well known, while its nsefc!- 
«S8 in giving the measurements and details ot some of the latest examples of engineericf, as 
med out by the most eminent men m die profession, cannot be too h<ghlyi>riTwl,^-^ftrf. 
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MR. HUMBER'8 ENGINEERING BOOKS^ontinued. 
Strains^ Calculation of. 

A HANDY BOOK.FOR THE CALCULATION OF STRAINS 
IN GIRDERS ANDSJMILARSTRUCTURES.AND THEIR STRENGTH. 
Consistinjg of FormuJaB and Corresponding Diagrams, with numerous details 
for Practical Application, &c. By William HuifasR, A*M. Inst. C.E., &c. 
Fourth Edition. Crown 8vo, nearly xoo Woodcuts and 3 Plates, 7s. 6d, cloth. 

" The focmiike are neatly expiessed, and tlie diagrams good."— j4tM€H4tufn, 
" We heartily commend this reslly /utn4y book to our engineer and architect readers.**— fn^ 
iish MecMatiie, 

Sarlow^8 Strengthof Materials, enlarged byHumber 

A TREATISE ON THE STRENGTH OF MATERIALS: 
with Rules for Application in Architecture, the Construction of Suspension 
Bridees, Railways, &c By Pbter Barlow, F.R.S. A New Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added, Experiments by Hodgkinson, Fairbairn, and Kirkaldy ; and 
Formulas for Calculating Girders, &c. Arranged and Edited by W. Humbbri 
A-M. Inst. C.B. Demy 8vo, 400 pp., with 19 large Plates and numerous 
Woodcuts, x8s. cloth. 

" Valuable alike to the student, tyro, and the experienced practitioner, it will always rank in 
future, as it has bi^rtodone, as the standard treatise on that particular svbjccL"—.EHgitugr. 

" There is no neater authority than Bairlow."— Bui/ding- News. 

" Deserves a foremost place on the bookshelves of every civil engineer."— g»y/«jA Mechanic. 



Trigonometrical Surveying, 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geographical and 
Topographical Maps and Plans, Military Reconnaissance, Levelling, &c,, with 
Useful Problems, Formulae, and Tables. By Lieut.-General Frouk, R.E. 
Fourth Edition, Revised and partly Re- written by Major General Sir Charles 
Warrbn, G.C.M.G., R.E. With 19 Plates and 115 Woodcuts, royal 8vo, 165. 
cloth. 

" The simple fact that a fourth edition has been called for is the best testimony to its merits. 
No words of praise from us can strengthen the posbion so well and so steadily maintamed by this 
work. Sir Charles Warren has levised the entire work, and made such additions as were necessary 
to bring every portion of the contents up to the present da!»."— Broad Arrow. 

Oblique Bridges. 

A PR A CTICA LAND THEORETIC A L ESS A Y ON OBLIQ UE 
BRIDGES. With 13 large Plates. By the late George Watson Buck, 
M.I.C.E. Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.E. ; 
and with the addition of Description to Diam-ams for Facilitating the Con- 
struction of Oblique Bridges, by W. H. Barlow, M.I.C.E. Royal Svo, 12&. 
cloth. 

*' The standard text-book for all engineers r^^^arding skew arches is Mr. Buck's treatise, and it 
would be impossible to consult a better. '^Engrineer. 

"Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divested the 
subject of many of the intricacies supposed to belong to it. As a guide to the engineer and archi- 
tect, on a confessedly difficult subject, Mr. Buck's work is unsurpassed."— ^M^Um^ .^n/j. 

bridge Construction. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MA SONR Y, TIMBER, A ND IRON. Consisting of 46 Plates from 
the Contract Drawings or Admeasurement of Select works. By W. D. 
Haskoll C.E. Second Edition, with the addition of 554 Estimates, and the 
Practice of Setting out Works. Illustrated with 6 pages of Diagrams. Imp. 
4to, £ct 12s. 6d. halt-morocco. 

'* A work of the present nature by a man of Mr. Haskell's experience must prove invaluable. 
The tables of estimates will considerably enhance its value."— Jit^jgineermg: 

Earthwork. 

EARTHWORK TABLES. Showing the Contents in Cubic 
Yards of Embankments, Cuttings, &c., of Heights or Depths up to an average 
of 80 feet. By Joseph Broadbent, C.E., and Francis cam pin, C.E. Crown 
Svo, 55. cloth. 

" The way in which accuracy is attained, by a simple division of each cross section into three 
dements, two in which are constant and one variable, is iagtxuoa3."—A thenaum. 
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Statics, Graphic and Analytic. 

GRAPHIC AND ANALYTIC STATICS, in their Practical Afpii^ 
catum to tk* Trcatmunt of Stresses in Roofs, Solid Girders, Lattice, Bowstring 
•Hd SuittHsion Bridges, Braced Iron A rckes and Piers, and other Frameworks. 
Bt R. Hudson Graham, C.B. Containing Diaj^^ms and Plates to Scale. 
Mr ith nnmerous Examples, many taken from existing Structares. Specially 
anranieed for Clats-work in CoU^ses and Universities. Second Edition, Re- 
vised and Enlarged. Svo, i6s. cloth. 
** Mr. Gnham's book «a iad a place «bcicvar gn^c sad mnalytic statics are used or stnUed. 

■ Thn exhauiriTe treetlae b admbablr adapted for die architect and cncineer, and will tend 
to wean the professaoo ftom a tedious and laboured mode of calculation." —BuildtHg' News. 

" the work is excellent from a practical point of view, and has evidently boen mepaied with 
miwh cue. The directioos for worlung are ^mpir, and are illustrated by an abunaaiKe of well- 
M><ecte<i examples. It is an eicellent teat-booic lor tba practical draofflitsiiian." — Athenaum. 

Survey Practice* 

AID TO SURVEY PRACTICE, for Reference in Surveying, LeveU 

/iftr. Setting-out and in RotUe Surveys of Travellers by Land and Sea, With 

Tables, lUastrations. and Records. By Lowis D'A. Jackson, A.M.I.C.E., 

Aothor of *' Hydraulic M anoal,** ** Modem Metrology," &c. Large crown 8vo, 

Its. 6d. doth. 

* Mr. Jackson has prodoced a valnable vmdt-mteum lor the surveyor. We cam recommend 
this bo<«k as containing an »Hi«ii^t>u supplement to the teaching of tlie accomplished surveyor."— 

" A« a text-book we should adviso all surveyors to place it in their libraries, and study vrell the 
tnaturvvi instnKtions afforded in its pages."— Cm/mtOt Guardian. 

" The author bnngs to his work a forttinate umon of theory and practical experience idiidi, 
aided by a dear and lucid style of writing, renders the book a very usefhl omt,"— Builder, 

Surveying, Land and' Marine* 

LAND AND MARINE SURVEYING, mReterGQce to the Fre- 
paration of Plans for Roads and Railways ; Canals, Rivers, Towns' Water 
Supplies: Docks and Harbours. With Description and Use of Sorveying 
Instnunents. By W. Davis Haskoll, C.E., Author of *' Bridge and Viaduct 
Construction,** oc. Second Edition, Revised, with Additions. Large crown 
8vo, 9s. doth. 
** A most useful and wdlenanged book for the aid of a student. We can strongly recommend 

It as a caieAiQy written and vahialJe tezt'book. It enjoys a well-deserved tepute among surveyois.' 

SmiUfi". 

" This volume cannot fafl to prove of the utmost practical utBity. It may be safely recomsneaded 

to all students who aspire to becnme dean and expert surveyors."— AfAWMV* youniaL 

Leveiling. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OF 
LEVELLING. Showing its Application to piuposes of Railway and Civil 
Engineering, in the Construction of Roads ; with Sf r.Tu.roRD's Rules for the 
same. By Frederick W. Simms, F.G. S., M. Inst. C.E. Seventh Edition, with 
the additionof Law's Practical Examples for Setting-out Railway Curves, and 
Trautwinb's Field Practice of Laymg-out Circular Curves. With 7 Plates 
and numerous Woodcuts, 8vo, 8s. 64, doth. %* Trautwxns on Curves 
may be had separate, 5s. 

*■ The text-book on levelling in most of oar engineering schools and coDeges."— Sfv^marr. 
*■ The publishers have rendered a sul»tantial service to the profession, especially to tiie yooager 
members, oy bringiag out the present edition of Mr. Simms's useful wotk."—jBtiti*t€eritttr- 

Tunnelling. 

PRA CTICAL TUNNELLING, Explaining in detail the Setting- 
out of the works, Shaft-sinkingand Headiiu[-driving, Raneing the Lines and 
Levelling underground, Sub-Excavating, Timbering, ana the Construction 
of the Brickwork oi Tunnels, with the amount of Labour required for, and Ae 
Cost of, the various portions of the work. By Frederick w. Simms, F.G.S., 
M. Inst. C.E. Third Edition, Revised and Extended by D. Kin near Clark, 
M. Inst. C.E. Imp. 8vo, with ai Folding Plates and numerous Wood Engrav- 
ings, 30S. cloth. 

"The estimation in which Mr. Simms's book has been hdd for over thirty years cannot be more 
truly expressed than in the words of the late Prof. Rankine : — * The best source of infiMmatioo 
->n the subject of tunnels is Mr. F. W. Simms's woric on Practical Tunndling.' "—A rchOiut, 

" Mr. Chuk has added immensely to the value of the Ytodk,"— Engineer, 

" The addidpud chapters by Mr. dark, containing as thc^ do numeraus ewmptes off 

tice, bring the book well up to date. '—Engineerme. 
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IX 



Seat, Expansion by. 

EXPANSION OF STRUCTURES BY HEAT. By John 
Kbily, C.E., late of the Indian Public Works and Victorian Railway Depart- 
ments. Crown 8vo, 35. 6d, cloth. [Just published. 

Summary of Contents. 



Section I. Formulas and Data. 
Section II. Metal Bars. 
Section III. Simple Frames. 
Section IV. Complex Frames ] and 

Plates. 
Section V. Thermal Conductivity. 



Section VI. Mechanical Force of 

Heat. 
Section VII. Work of Expansion 

and Contraction. 
Section VIII. Suspension Bridges. 
Section IX. Masonry Structures. 



" The aim the author has set before him. viz., to show the effects of heat upon metallic and 
other structures, is a laudable one, for this is a branch of physics upon which the engineer or archi- 
tect can find but little reliable and comprehensive data in books."— Builder. 

" Whoever is concerned to know tne effect of changes of temperature on such structures as 
suspension bridges and the like, coukl not do better than consult Mr. Kelly's valuable and handy 
exposition of the geometrical principles involved in these changes."— i^Mtrman. 

Practical Mathematics. 

MATHEMATICS FOR PRACTICAL MEN: Being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly for the use 
of Civil Engineers, Architects and Sarveyors. By Olinthus Gregory, 
LL.D., F.R.A.S., Enlarged by Henry Law, C.£. 4th Edition, carefully 
Revised by J. R. Young, formerly Professor ot MathematicSi Belfast College* 
With 13 Plates, 8vo, £1 is., cloth. 

" The engineer or architect will here find ready to his hand rules for solving nearly every mathe> 
matical difficulty that may arise in his practice. The rules are in all cases explained by means of 
examples, in which every step of the process is clearly worked out."~-BuiUUr. 

" One of the most serviceable books for {Nractical mechanics. . . . It is an instructive book 
for the student, and a text-book for him who, having once mastered the subjects it treats of, needs 
occasionally to refresh his memory upon them."— ^M»&ift>^ News. 

Mydraulic Tables, 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULJB 
for findinsf the Discharge of Water from Orifices, Notches, Weirs, Pipts, and 
Rivers, With New FormulaB, Tables, and General Information on Rainfall, 
Catchment- Basins, Drainage, Sewerage^ Water Supply for Towns and Mill 
Power. By John Neville, Civil Engineer, M.R.i.A. Third Edition, care- 
fully revised, with considerable Additions. Numerous Illustrations. Crown 
8vo, 145. cloth. 

" It is, of all English books on the subject, die one nearest^o completeness. . . . Frmnthe 
good arrangement of the matter, the clear explanations, and abundance of formula, the carefully 
calculated tables, and, above all, the thorough acquaintance with both theorv and construction, 
which is displayed from first to last, the book will be found to be an acquisition. —^ncAf/M/. 

Siver Engineering. 

RIVER BARS : The Causes of their Formatum, and their Treatment 
by "Induced Tidal Scour. " With a Description of the Successful Redaction 
by this Method of the Bar at Ehiblin. By I. J. Mann, Assist. Eng. to the 
Dublin Port and Docks Board. Royal 8vo, 75. 6d. cloth. 

"We recommend all interested in harbour works— and, indeed, those concerned in the improve, 
ments of rivers generally— to read Mr. Mann's interesting^ work.'— SfijFhuer. 

" A most valoable contiibutioa to the history of this branch of engineering. ">-£nieite«crin!j^ 
and Mining youmtU. 

Mydravlics. 

HYDRA ULIC MANUAL, Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field 
Operations. By Lowis D'A. Jackson, Author of ''Aid to Survey Practice," 
"Modern Metrology," &c. Fourth Edition. Rewritten and Enlarged. 
Large crown 8vo, i€s, cloth. 

** The author has been a carefUl observer of the facts which have come under his notice, as 
well as a painstaJcini^ collector and critic of the results of the experiments of others, and from the 
great mass of material at his command he has constructed a manual which may be accepted as a 
trustworthy guide to this branch of the engineer's profession." — EmftneeHn^. 

" The standard work in this department of mechanics. The present edition has been brought 
abreast of the most recent practice."— ^a>/rmaM. 

" The most useful feature of this work is its freedom from what it superannuated, and its 
thoroi4[h adoption of recent experiments ; the text is* in (act, in great part a short account of the 
graat modem experiments."— Jvo/Mrv. 
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OS THE DR A IS AGE OF LANDS, TOWNS AND BUILD- 
/SGS. By G. D. Dcvpsct, C.E., Author of •* The Practical Railway En- 
mn^cr." Ac Revised, vith larse Additions on Rbcent Practice in 
Dkaiiagk Esc:^ccusc bf D. Kikweak Cej^kk, M.InsL C.E. Author of 
* Tnmwajs : tbeir C u u su u Ui oa and Working." " A Bfannal of Rules, Tables, 
and Data ur Mechanical Engineers.'* ftc Ac Crown 8vo, ys. 6d. cloth. 

[Just Published. 

** Tlw acw sKscr uiii!-i 1 7 Mr. Dempsey s ncelcBt woA k chanurterised bjr die compreheo- 

«i-*« c^^ap a«d *b..^uiacf w£ (iesjtl uc which the aaae of Mr. D. K. Clark is a sufficient voacher."— 

** At X ■mrt^ 0m rvcenc practice at Araaace iimiiii 1 ili<^, the book is to be commended to all 
«hK* ai« !»jk-mf rhiir bnn..<. c enjnrrring iciwce their special stndy." — /ron. 

-* A : .m?rvhc^n« m.in.ii. on drainage cq(nwerinc and a nscfiil JntTpdnction to die stodent." 

Trwmway9 and their Working. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 
Embracing a CoBprehmsive History of the System ; with an exhaostive 
Analysis of the vanoos Modes of Traction, iodading Horse-Power, Steam, 
Healed Water, and Compressed Air ; a Description of the Varieties of Roliing 
Stock : and ample Details of Cost and Working Expenses : the Progress 
recently made in Tramway Construction, Ac ftc By D. Kimnsar ClaUi 
M. Inst. CE. With over soo Wood Engravings, and 13 Folding Plates. Two 
Vols., larce crown 8vo, jos. cloth. 
" AH lut we rt e J in tramways meat rcier Bo k,aB al laBway engineen have tmaed to the author's 

work * Raflway Machinery.' "—EH^trurr. 

" An exhaostiTe and practical work on tram w ay s, fa wUdi die Ustory of tUs Und of k}coii» 

lira, and a descripckn and oast of the varkms modes of laying tramways, are to be iauai."— 

hutlding Srxs. 

** The best form of rails, the beat mode of ce n str n ttfc m, and die best medianical appBances 

are «o furty indicated in the work under review, that any engineer about to coostruct a tramway 

will be enabled at once to obtain the practical inlbcmatkm which will be of most service to him."- 

Obiique Arches, 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 
OBLiqUE ARCHES, By John Hakt. Third Edition, with Plates. Im- 
perial 8vo, 8s. cloth. 

Curves^ Tobies far Setting-out* 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES 
for Setting-OMt Curves from 5 to aoo Radius. Bv Alexander Beazelet, 
M . Inst. C.E. Third Edition. Printed on 48 Caras, and sold in a cloth box, 
waistcoat-pocket size, 35. 6d. 
" Each table is otinted on a small card, whidi, befag placed on the dieodoBte. leaves tbe hands 

Gree to manipulate Uie instrument— no smaD advantage as regards the rapidity of work." — Enginetr. 
" Very bandy ; a man may know that aB his day's work must fiiH on two of these cards, which 

he puts into his own card-case, and leaves the rest behind."— ^iA«i«?»m. 

Engineering Fietdwarh. 

THE PRACTICE OF ENGINEERING FIELDWORK, applied 
to Land and Hydraulic^ Hydrographies and Submarine Surveying and Levelling. 
Second Edition, Revised, with considerable Additions, and a Supplement on 
Waterworks, Sewers, Sewage, and Irrigation. By W. Davis Haskox.!^ C.E- 
Numerous Folding Plates. In One Volume, demy 8vo, £1 55. cloth. 

Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS : A 
Practical and Theoretical Essay. By J. H. Watson Buck, M. Inst. C.E., 
Resident Engineer, London and North- Western Railway. Illustrated with 
Folding Plates, royal Svo, 125. cloth. 

" Many of the methods given are of extreme practical value to the mason ; and the observatiocs 

on the form of arch, the rules for ordering the stone, and the construction of the tem{dates will be 

found of considerable use. We commend the book to the engineering profession."— '^Ms/tfi^^^caj. 

*' Will be regarded by civil engineers as of the utmost value, and «-ain!'a»'*d to save much ^m*- 

and obviate many mistakes." — Colliery Gttardian. 

OirderSf Strength of. 

^f^FVS J^^^^ ^^^ FACILITATING THE COMPUTA- 
?iSnB.pf 7^? WEIGHTS OF WROUGHT IRON AND STEEL 
b'uce. M^ Vs?;c.e' "^On^aSfL" ei °*^'' Estimates. By J. H. Watsom 
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Trtisses, 

TRUSSES OF WOan AND IRON. Practical Applications of 
Science in Determining theStresses, Breaking Weights, Safe Loads, Scantlings, 
and Details of Construction, with Complete Working Drawings. By William 
Griffiths, Surveyor, Assistant Master, Tranmere School of Science and 
Art. Oblong 8vo, 45. 6d. cloth. 
** This handy Kttle book enters so minutely into every detail connected with the construction of 

roof trusses, that no student need be igfnorant of these matters for want of an easy source to come 

at the \aiOvA<sd^e."-—Praciiati Engineer. 

" From the manner of treati^^ the subject. Mr. Griffiths' book is clear enough to enable a 

student to be his own teacher. It will be useful in the science school and in work&hop;>."— ^ rchitect. 

Railway Working, 

SAFE RAILWAY WORKING. A Treatise on Railway Acci- 
dents: Their Cause and Prevention; with a Description of Modern Appliances 
and Systems. By Clement E. Stretton, C.E., Vice-President and Con- 
sulting Engineer, Amalgamated Society of Railway Servants. With Illas-> 
trati<nis and Coloured Plates, crown 8vo, 4s. 6d. strongly bound. 

Outline of Contents. 
Chapter I. Summary of Accidents, 1885. — II. Permanent Way. — III. Sig- 
nalling; Block System. — IV. Continuous Brakes. — V. Breaking of Rail- 
way Axles. — VI. Railway Couplings. — VII. Railway Servants and the Law 
OF Manslaughter. — Appendix I. Railway Traffic Returns. — II. Railway 
Signal Returns. — III. Continuous Brakes Returns. — IV. Mixed Trains. 

*»* Opinions oe the Press. 

" A book for the engineer, the directors, the managers ; and, in short, all who wish for informa- 
tion on railway matters will find a perfect encyclopaedia in ' Saife Railway Working.' ''—Jiaiiway 
Review. 

" Mr. Clement E. Stretton, the energetic Vice-President of the Amalgamated Society of Rail- 

f/ Servants, may be congratulated on having collected, in a very convenient form, much valuable 
brmation on the princii»l questions affecting the safe working of railways."— ^at7A>a^ Engineer. 



■waLjf Servants, may be congratulated on having collected, in a very convenient form, much valuable 
information on the princii»l questions affecting the safe working of railways."— ^at7A>a^ Engineer. 
" We commend the remarks on railway signalling to all raUway managers, especrally where ar 



uniform code and practice is ad\ocaX.ed."—Her€path's RaUway Journal. 

Field-Book for Engineers, 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON- 
TRA CTOR 'S FIELD-BOOK. Consisting of a Series of Tables, with Rules, 
Explanations of Systems, and use of Theodolite for Traverse Surveying and 
Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner ; setting-out 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Off- 
sets : and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 
depth. By W. Davis Haskoll, C.E. With numerous Woodcuts. Fourth 
Edition, Enlarged. Crown 8vo, liS, cloth. 

"The book is very handy, and the author might have added that the separate tables of sines 
and tangents to every minute will make it useful for many other purposes, the genuine traverse 
tables existing all the same."—jit/unauf». 

" Every person engaged in engineering field operations will estimate the importance of such a 
work and tne amount of valuable time which will be saved by reference to a set of reliable tables 
prepared with the accuracy and fulness of those given in this volume."— ^at/wa^ News. 

Earthwork^ Measurement of. 

A MANUAL ON EARTHWORK, By Alex. J. S. Graham^, 

C.E. With numerous Diagrams. i8mo, ss. 6i. cloth. 

" A great amount of practical information, very admirably arranged, and available for rough 
estimates, as well as for the more exact calculations required in the engineer's and contractor's 
offices."-'AriiMaH, 

Strains in Ironwork* 

THE STRAINS ON STRUCTURES OF IRONWORK; with 
Practical Remarks on Iron Construction. By F. W. Sheilds, M. Inst. C.E. 
Second Edition, with 5 Plates. Royal 8vo, 5s. cloth. 
*' The student cannot find a better little book on this subject."— Engineer. 

Cast Iron and other Metals, Strength of 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS. By Thomas Tredgold, C.E. Fifth 
Edition, including Hodgkinson's Experimental Researches. 8vo, zss. cloth. 
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THE SCIENCE OF BUILDING : An ElmenUtty Treatise on 
ih* PrincipU* of ComimcHon. Br E« Wyndham Tarh, M.A., Architect 
S«cood Edition, Revised, with 58 Engravings. Crown 8vo, 7s. 6d, doth. 
** A wy valnalblB b«dk. whldi we strongly Tecommeud to aO students."— iKtf&Ultfr. 
** No aichifeoctural student should be without this handbook of constroctional knowledge."— 
AtxkitKt, 

VMa Arehitecture. 

A HANDY BOOK OF VILLA ARCHITECTURE : Being a 
Strut of Dttigm for ViUa Residmctt 4n various Styles, With Ontiine 
Spedfications and Bstimates. By C. Wickbs, Architect, Author of "The 
Spires and Towers of England/' oc. 6x Plates, 4to, £1 1x5. 6d. half-morocco, 
iplt edges. 

** The whole of tiie designs bear eridence of Aefr bdng the work of an artistic architect, and 
wll prove very ndneble and suggmAm,"—B$*iUiHj^ Jvews, 



Text-Booh for Architects. 

THE ARCHITECTS GUIDE: Being a Text-Book of Useful 
Information for Architects, Engineert^ Surveyors^ ContractorSy Clerks of 
WorkSf &c. &c By Fkkdericx Roobrs, Architect, Author of ** Specifica- 
tions for Practical Architecture," &c. Second Edition, Revised and Snlarged. 
With numerous Illustrations. Crown 8vo, 6s. doth, 

** As a text-book of usefiil information for architects, engineers; surveyors; &c., it would be 
kard to find a Imadier or more complete Uttle ymiumi9."—'St»tuutrd. 

"A young architect could hardly have a better guide-book."— 71fon^«r jyades journal. 

Taylor and Cresy^s lUnne. 

THE ARCHTTECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.R.I.B.A., and Edward Crbsy, Esq. New 
Edition, thoroughly revised bv the Rev. Auexandbr Taylor, M. A. (son oi 
the late G. L. Taylor, Esq.), Fellow of .Queen's College, Oxford, and Chap- 
lain of Gray's Inn. Large folio, with 130 Plates, half-bound, £s 3s. 
N.B, — This is the only book which gives on a large scale, and. with the precision 

of architectural measurementt the principal Monuments of Ancient Rome in plan, 

elevation^ and detail. 

" Taylor and Cresy's work has firom its first pubftcadon been ranked among tbosa professional 

books which cannot be bettered. ... It would be difficult to find examples of drawings, even 

among those of the most painstaldng students of Gothic, more thorouglily worked out tban are the 

•ne hundred and thirty putes in this volume."— ^rcAitecr. 

Architectural Ihrawing. 

PRACTICAL RULES ON DRA WING, for the Operative Builder 
and Young Student in Architecture, By George Pyne. With 14 Plates, 4to, 
ys. 6d. boards. 

Civil Architecture. 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. 
By Sir William Chambers, F.R.S. With Illustrations, Notes, and an 
Examination of Grecian Architectare, by Joseph Gwilt, F.S.A. Edited by 
W. H. Leeds. 66 Plates, 4to, ais. cloth. 

House Building and Repairing. 

THE HOUSE-OWNER'S ESTIMATOR ; or, What will it Cost 
to Build, Alter, or Repair? A Price Book adapted to the Use of Unpro- 
fessional People, as well as for the Architectural Surveyor and Builder By 
the late James D. Simon, A.R.I.B.A. Edited and Revised by Francis T W 
Miller, A. R.I.B.A. With numerous Illustrations. Third Edition. Revised^ 
Crown 8vo, 35. 6d, cloth. ' ^^^ 

" In two years it will repay its cost a hundred times over"— F&jtf. 
" A veiy handy hook."-~E»igUsh Mechanic, 
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J>€8igning, Measuring, and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS* WORKS. Containing Directions for 
taking Dimensions, Abstracting the same, and bringing the Quantities into 
Bill, with Tables of Constants, and copious Memoranda for the Valuation of 
Labonr and Materials in the respective Trades of Bricklayer and Slater, 
Carpenter and Joiner, Painter and Glazier, Paperhanger, &c. With 8 Plates 
aiKi 63 Woodcuts. Originallv edited by Edward Dobson, Architect. Fifth 
Edition, Revised, with considerable Additions on Mensuration and Construc- 
tion, and a New Chapter on Dilapidations, Repairs, and Contracts, by £. 
Wyndham Tarn, M.A. Crown 8vo, gs. doth. 

"WcBfulfils the promise of its titie-pajge, and we can thoroughly racommeod ft to the class 
for whose use it has been compUed. Mr. Tarn's additions and revisions have much increased th« 
aseftttatess of the work, and have especially augmented its value to stndeats."'-En£ineerifi£. 

, "The work has been cazefuUy revised and edited by Mr. E. Wyndham Tarn, M.A,, and com- 
pnses several valiable additions on construction, mensuration, dilapidations and repairs, and other 
matters. ... Tins edition will be found the most complete treatise on the principles of measure 
vag and valuing artificers' work that has yet been published."— ^Mi/f^tMif News. ^^ 

JPocket Estimator and Technical Ouide» 

THE POCKET TECHNICAL GUIDE, MEASURER AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS, Containing Tech- 
nical Directions for Measuring Work in all the Building Trades with a 
Treatise on the Measurement of Timber and Complete Specifications for 
Houses, Roads, and Drains, and an easy Method of Estimating the various 
parts of a Building collectively. By A. C. Beaton, Author of « Quantities 
and Measurements," &c. Fourth Edition, carefully Revised and Priced 
according to the Present Value of Materials and I^abour, with 53 Woodcuts 
leather, waistcoat-pocket size, is. 6d. gilt edges. ' 

" No builder, architect, surveyor, or valuer should be without his • Beaton's Guide.' "— 
BHtlding News. 

" Contains an extraordinary amount of information in daily requisition ki measurini? and 
estimating. Its presence in the pocket will save valuable time and trtmtAe."—Buildini- fVorM. 

" An exceedingly handy pocket companion, thoroughly reliable."— ^Kttf^r'j fVe^Jb/y Reporter. 

"This neat little compendium contains all that is requisite in carrying out contracts for 
excavating, tiling, bricklaying, paving, Slc'— British Trade yournal. 

I>onald8an on Specifications, 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing up 
Specifications and Contracts for Works and Constructions. Illustrated by 
Precedents of Buildings actually executed by eminent Architects and En- 
gineers. Bv Professor T. L. Donaldson, P.R. I. B.A., &c. New Edition in 
One large Vol., Svo, with upwards of 1,000 pages of Text, and 33 Plates 
£x lis. 6d. cloth. ' 

" In this work forty-four specifications of executed works are given, Indudfai? the soecifica 
tionsfor parts of tlM new Houses of Parliament, by Sir Charles Sarry, and for the new Royal 
Exchange, bv Mr. Tite^ M.P. The latter, in particnlar, is a very complete and remarkable 
document. It embodie^to a great extent, as Mr. Donaldson mentions, 'the bUl of quantities 
with the description of the works/ . . . It is valuable as a record, and more valuable still as a 
book of precedents. . . . Sirfice it to say that Donaldson's 'Handbook of Specifications' 
must be bought by all architects."— ^«»Afer. »^"«i.«uuu» 

Bartholomew and Mogers' Specifications. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essav 

on the Structure and Science of Modern Buildings. Upon the Basis of the 

Work by Alfred Bartholomew, thoroughly Revised, Corrected, and ereatlv 

added to by Frederick Rogers, Architect. Second Edition, Revised with 

Additions. With numerous Illusts., medium Svo, 15s. cloth. ' 

" The collection of specifications prepared by Mr. Rogers on the basis of Bartholomew'^ wnrfc- 

Is too well known to need any recommendation from us. It is one of the books with which everC 

young architect must be equipped ; for time has shown that the specifications cannot be set a^JHi 

thrt>ugh any defect in them."-'Arckiiect. ^ *^ *" ***°® 

" Good forms for specifications are of considerable value^ and It was an excellent idea to c«m 
pile a work on the subject upon the basis of the kite Alfred Bartholomew's valuable work Th- 
second edition of Mr. Hogers^ book is evidence of the want of a book dealing with modim wZ 
quircments and materials. —-ffwiWmj'A'wj. * "*"*wuwiire. 
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fmr the Archiied^ Mmgimeer, efe. 

Ft 4^7: SAL GEOMETRY, A-r thg Architect, Engineer and 
B s. fcflvn: S «-a( R.'-s aor the Drihication and Application oi various 
J^jmrr-ca^^Ljirf^ F -fires aad Carres. By B. W. Takh, M.A^ Architect, 
% I ucT ;t * . ze Sc.ieorc oe Bc-.'^^trx" &c. Second Edition, ^^di Appen- 
c<-^r» OS. r'AjTi t:.-5 oc Scrxss aad isaoMXrical Prosection. With 17a Illus- 



>»:<. vtn TiK ooM - * «>rs zt Tw ^as e««r beca pcbfisbed in winch the deamess <rf the 
^^-i «^.- :b - — •ct-.j:^- ij»,fri.3i3 ti < r<«s so sarTsfaTory." — ^5<»Cnw«M. 

s I TL-.'— * r !■« :n_r .t. tta-:. wt^er^iiT arrh^ect, engineer, or mechanic. ... The 

:*»• — : - :»-.v * » - *-^ l •<r-_^ :' rr _jc :^ cocnpljcaied methods, and to enable 

■•xu. iM^ A rn I g^nir. «Jk<«.xv^c* ^ jrwjc".*ffrT ^ voKkomtcc problcns reipitied.'— JE^^/uA 



ZhlE CEZVETRY CF COMPASSES: or. Problems Resolved 

n» r«:vr- f^--^ •••" C«*v^, ««J <*/ tfs« 0/ Coloured Diagrams and 

zf Z^^s\-s.i x>i i.«z. Co«.ocred PUtes. Crown Svo, 3s. 6d. doth. 

> I ^ '-^1 nw KZ.1 -T-r-j.-*j.rue — iie iH Mr. Byrse's coatzibotioiis to the science 
:1k tt...'v; jLaeiua^x » a:s 'in niam.' — £aitmdu^ .Vcatx. 




DKC ORATIYE ABTS , eta 
4tJMf Mttrhirs (limiiatian of)* 

ssHscL zffa:stisg for the imitation of woods 

J! > r k * .♦:-- 1^5*$ Tiict:: aad Practised by A. R. Vaw dkr Bukg and P. 
V»* ra i ? . ii. I>--rcrcr^ c: :h^ Ron er dam Painting Institution. Royal folio, 
:M ^* ::rt -» « i.>^it*>i wizh 14 full-sixe Coloored Plates; also 12 plain 
e'.a2».. rcci7C2s=z^ 15^ F;c=^cs. Second and Cheaper Edition. Price if i xis. 6J. 

List 9f Plata, 
X TV^-tts Tn."^ '»»:itrPT«f *r ^r:«j«J Flttt:^ Fnu$bed Spe cim e n— 1 9. Ifahogaair: Speamens 



t >* t-:rjr r-^-Jin-iUiri ><aig~< ."«' v."jfi.-.T^ ef v^noos Grains and Methods of Manipulation 
fcic "♦ .'.>,h^.: Sof.:-TM — «. t" >.is ^sri tjr — aa ». Mahogany: Earlier Stages aad Finished 
Vw-M» ~--.:T.r.c ;^i Vr-^t'Ai -t >Lii.— .^-ioro— Sceciaen— 33, S3, 24. Sienna Marble : Varieties 
^ ». 5t vri . Vi--:,e ii--:i;? . •.•<^*^ '"^^^ i^ « Grain, PreluninazT Stages and Finishe.'i 
y •-*^tf•z S«~.nitf-— • Vrir v=- ,-« >c-ccij=^ Specunea— -as a6, »7. Juniper Wood : MethcKis 
.•: K--riC .".T-.Es. 3k.T».Ts^ *-■ ^*. v Asi.; P»e- oc producing Grain. «c.: Ptefiminary Stag^e-i 
1- -^-^ <C..^'?> i^: -~:-x>fi Sr«?r--=«=— »L and Finished Specimen— flBL ag^ 30. Vert tie 
V:.w> .-t St^-r, r ic Vi^-.ie ^'-rirris—iT. ta. Mer Martrje: Varieties of Graia and Methods 
5k^-^* V.t-^^K ?>^ :.r...i.i:T. icir^ a." w .-^ct:2;J of Working Unfinished and Finished Speci- 
«j- y .•.^>f- S*'-" "•?-— ti Vv« M<-t^>l$ Eicas — ^31. 32. 3.V Oak: Varieties c^ Grain. Tools 
,•«. /**.v .V, ,3^ r>f ..f.--ir^: .VL_2i — :*. r?- B^ris- Eaip Joyed, and Methods of Manipulation, Pre- 
en v Vv« P-s-*:-..!^-* ^^^^^ aad Vri^iibed Kmisary Stages and Finidted Specimen — ^34,35, 
5%. >?•.•.•-»?•? — -Tik V;-:*> v-^- -■< >^fcir.~±..^ lix' if. 36. Wa'ukort Marble: Varieties of C^ajn, La- 



»f<-r'-: <of.-*fs .T '^li.rr Xt^t«i«^— r*. :i. ^liie inished and Finished Spedmens. 
2k4c*^ii» ' rwiinnirifcT; Ci&^Cb of PKwes aad • 

•*• Ornnoxs or the Pkess. 

' T*S>» » V AftR-w ^? afTMT >i£I r: tie art of paiadag woods and marbles will find advantag^e 

it .-cct^-.'. .-^ ?r^ x-oi^ . . . S-Tcse ot the Woriang Men's Qabs should give their young men 

V, .-ocT..-«Sf ssi-^f V-»^ •-' -^ ^^^ The exptanatiotts of fl»e processes, the manipulation and 
•MiT.i^:v>i>Kr-^; .-< :>f c-ALX-Tv asi t^ beaatifuZv executed plates will not be the Inst valaable to tbs- 
fTA-v'tf^-^: «-V t..r:> a: sxJik-r^c ^:2» vcrk a {»,:h;''ul transcript of nature." — BuiUutg^ Ntws. 

<:r- .--.'- > i~~l SKM-v-es axe icrnciate w'ho are able to become the possessors of so ttoile j 

Momse I>eroratioHm 

FLEMESTARY decoration, a Guide to the Simpler 
ForR':^ ot Fv^rrday Art, as appilied to the Interior and Exterior Decoration off 
Pw«>:iirL$ Hs>Qses,'&c. By Jambs W. Facst, Jun« With 68 Cuts. i2ino^ ss. 
cKMh Uiupv 
** A$ a hev. haisral gmle^KKiik to the decamthre painter it wiD be found rdiable."— ^MJA^fp^C^ A'cwj. 

practical HOUSE DECORATION : A Guide to the Art of 
Orn*mi^ntAl Painting, the Arrangement of Colours in Apartments, and the. 
nriuciplw of Decorative Desi|^. With some Remarks upon the Nature and 
l\vn><»xties of Pigments. By Jamss William Facey, Author of »' Elementary 
iVcoTAticvn.' &c. With numerous Illustrations. lamo, as. 6d, cloth limp. 
KsB.^Tk4 mb<ne€ Two Works together in One Vol., strongly half-bound, 5s. 
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Colour* 

A GRAMMAR OF COLOURING. Applied to Decorative 
Painting and the Arts. By Gborgb Fibld. New Edition, Revised, Enlarged, 
and adapted to the use ol the Ornamental Painter and Designer. By Ellis 
A. Davidson. With New Qploured Diagrams and Engravings. lamo, 3s. 6d. 
cloth boards. 

"The book is a most oseftil resumt of the properties of pigments."— Ami^UIct. 

House JPainting, Graining^ etc* 

HOUSE PAINTING. GRAINING, MARBLING, AND SIGN 
WRITING, A Practical lAanuaX of. By Ellis A.Davidson. Fifth Edition. 
With Coloured Plates and Wood Engravings, xamo, 6s. cloth boards. 

"A mass of information, of use to the amateur and of value to the practical man."— fMSfAIr* 

Alechanic. 

"Simply invaluable to the youngster enterinir upon this particular caUinfi;, and h^hly service* 
aMe to the man who is practisinjr 'VtT— Furniture OateUe. 

Decorators, Receipts for, 

THE DECORATOR'S ASSISTANT: A Modern Guide to De- 
corative Artists and Amateurs, Painters, Writers, Gilders, &c. Containing 
Dpwards of 600 Receipts, Rules and Instructions ; with a variety of Informa- 
tion for General Work connected with every Class of Interior and Exterior 
Decorations, &c. 152 pp., crown 8vo, is. in wrapper. 

" Full of receipts of value to decorators, painters, gilders, &c The book contains the gist of 
larger treatises on colour and technical processes. It would be difficult to meet with a work so full 
of varied information on the psaatex'saiTt."--Bui/diHg'/^m's. 

We recommend the work to all who, whether for pleasure or profit, require a guide to decora- 
tion. —Plumper and Deofrator. ^ 

Moyr Smith on Interior Decoration, 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN. 
By J. Moyr Smith. Super-royal 8vo, with 32 full-page Plates and numerous 
smaller Illusts., handsomely bound in cloth, gilt top, price 185. [just piti>lisfud, 
13* In " Ornamental Interiors " the designs of more than thirty artist- 
decorators and architects of high standing have been illustrated. The booh may 
therefore fairly claim to give a good general view of the works of the modem school 
of decoration, besides giving characteristic examples of earlier decorative arrange-' 
ments. 

"Ornamental Interiors*' ^ves a short account of the styles of Interior 
Decoration as practised by the Anctents in Egypt, Greece, Assyria, Rome and Byxan- 
Hum, This part is illustrated by characteristic designs. The main body of the 
vfork, however, is devoted to the illustration of the modem styles of Decorative Art, 
and many examples are given of decorative designs suitable for modem Dining- 
Rooms, Drawing-Rooms, Libraries, Staircases and Halls, Parlours, Studies and 
Smoking-Rooms. The Decoration of Public Buildings is illustrated by views of the 
chief State Apartments in Buckingham Palace and Windsor Castle, the Salle de 
Leys at Antwerp, the Salle de Mariages at Brussels, and of other works which have 
distinctive features suitable for the purpose, 

\* Opinions op the Press. 

" The book is well illustrated and handsomely got up, and contains some true criticism and a 
p>od many good examples of decorative treatment. —rA; Builder. 

" We can greatly commend Mr. Movr Smith's book, for it is the production of one professedly 
^pable in decorative woric, and abounds with useful hints and descriptions of executed modem 
vork. together with a well-put resume of ancient styles. ... As much a book for the drawing- 
00m as for the manufacturer."— TA^ British Architect. 

" Well fitted for the dilettante, amateur, and professional dt!Api»t.''^Decorati»H. 

" This is the most daborate, and beautiful work on the art»tic decoration of interiors that we 
ave seen. . . . The scrolls, panels and other designs from the author's own pen are very 
eautiful and chaste ; but he takes care that the designs of other men shall figure even more than 
is own." — Liverpool A tbion. 

" To all who take an interest in elaborate domestic ornament this handsome volume will b« 
welcome." — Graphic. 

" Mr. Moyr Smith deserves the thanks of art workers for having placed within their reach a 
00k thaft seems eminently adapted to afford, by example and precept, that guidance of which 
tost creiftsmen stand in need." '^ Furniture Oasette. 

British and Foreign Marbles* 

MARBLE DECORATION and the Terminology of British and 
Foreign Marbles. A Handbook for Students. By George H. Blagrovb, 
Author of " Shoring and its Application/' &c. With 28 Illustrations. Crown 
8vo, 3S* M, cloth. [Just published, 

c 



»8 CROSBY LOCKWOOD &> SON'S CATALOGUE. 

DELAIiOTTta WORKS ON ILLUMIHATION AND ALPHABETS. 



A PRIMER OP THE ART OP ILLUMINATION, for the Use of 

Begitmtrs : with a Rudimentary Treatise on the Art, Practical Directions for 
its exercise, and Examples taken from Illuminated MSS., printed in Gold and 
Colours. By F. Dslamottk. New and Cheaper Edition. Small 4to, 6s.oma- 
mental boards. 
"TIm examplM of ancient MSS. recommended to tlie student; wtilcli, with much good sense, 

the author cbootei from coUections acceitlt>to to al^ ara selected with judgment and knowledge, 

as waO as taste. "-^Mmmmm. 

ORNAMENTAL ALPHABETS, Ancient and Mediavah from the 
Eighth Century, with Nunurals; including Gothic, Churcb-Tezt, large aad 
smallt German, Italian, Arabesque^ Initials for Illumination, Monograms, 
Crosses, &c. &c., for the use of Architectural and Engineering Draughtsmen, 
Missal Painters, Masons, Decorative Painters, Lithographers, En^avers, 
Carvers, &c. &c. Collected and Engraved bv F. Delamottb, and printed in 
Colours. New and Cheaper Edition. Royal 8vo, oblong, as. 6d. ornamental 
boards. 

" For those who insert enamelled sentences round gilded chaHces, who blazon shop l^^ends ovei 
riKjp-door^ who letter church walls with pithy sentences from the Decalosue^ this book wiU be use- 

EXAMPLES OP MODERN ALPHABETS, Plain and Ornamental: 
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Cotirt Hand, En^ossing, Tuscan, Riband, Gothic, Rustic, and Arabesque; 
with several Origmal Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative Painters, Lithographers, Eneravers, Carvers, &c 
Collected and Enp;raved by F. Dblamottk, and printed in Colours. New 
and Cheaper Edition. Royal 8vo, oblong, 2S. 6d. ornamental boards. 

" There is comprised In it erery possible shape into which the letters of the alphabet to! 
numerals can be foimed, and the talent which has been expended in the conception oT tiie vario-js i 
plain and ornamental letters is wonderfuL"— JStowdCardf. I 

MEDIMVAL ALPHABETS AND INITIALS FOR ILLUMI-l 
NATORS. By F. G. Delamottb. Containing 2x Plates and Illuminated^ 
Title, printed m Gold and Colours. With an Introduction by T. WiLL::>i 
Brooks. Fourth and Cheaper Edition. Small 4to, 45. ornamental boards. 1 

** A Tolume in which the letters of the alphabet come forthelorified in gilding and all the coloca 
of the prism interwoven and intertwined ana intermingled, "--^x. 

THE EMBROIDERER'S BOOK OF DESIGN, Containin;: 

Initials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastic^ 

Devices, Mediasval and Modem Alphabets, and National Emblems. Ovi 

lected by F. Dblam ottb, and printed in Colours. Oblong royal 8vo, is. 6s. 

ornamental wrapper. { 

" The book will be of great assistance to ladies and young children who are endowed with tti 
art of plying the needle in this most ornamental and useful pretty vrork,"—East Ati^ieut Tiftus/l 
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Wood Carving. J 

INSTRUCTIONS IN WOOD-CARVING, for AntaUurs ; wii 

Hints on Design. By A Lady. With Ten large Plates, 2s.6d,ia emblema| 

wrapper. 

" The handicraft of the wood-carver, so well as a book can impart It, may be learnt from 
Lady's' pubKcation."— yf Mr«M«Mm. 

" The directions given are plain and eadly understood."— SM^tf A Mechanic, 

Glass Painting. J 

GLASS STAINING AND THE ART OF PAINTING 
GLASS. From the German of Dr. Gessbrt and Em anubz. Otto Fromb 
With an Appendix on Thb Art of Emambllimq. z2mo, as. 6d, cloth llmp^ 

Letter JPainting. 

THE ART OF LETTER PAINTING MADE EASY. I 

T AMBS Grbiq Badenoch. With z2 full-page Engravings of Examples, is. ck 
limp. 

" Tho syston Is a simple one, but quite original, and well worth the careful attontion of 
painters. It can be easUy mastered and remembered."— ^i^iWi^V -^w. ««««"« 
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CARP ENTRY, TIMBER , etc. 

Tredgold's Carpentry, Enlarged by Tarn, 

THE ELEMENTARY PRINCIPLES OF CARPENTRY. 
A Treatise on the Pressure and Equilibrium of Timber Framing, the Resist- 
ance of Timber, and the Construction of Floors, Arches, Bridges, Roofs, 
Unitine Iron and Stone with Timber, &c To which is added an Essay 
on the Nature and Properties oi Timber, &c., with Descriptions of the kinds 
of Wood used in Building ; also numerous Tables of the Scantlings of Tim- 
ber for different purposes, the Specific Gravities of Materials, &c. Bv Thomas 
Tredgold, C.E. with an Appendix of Specimens of Various Roots of Iron 
and Stone, Illustrated. Seventh Edition, thoroughly revised and considerably 
enlarged by £. Wyndham Tarn, M.A., Author oi " The Science of Build- 
ing," &c. With 6i Plates, Portrait of the Author, and several Woodcuts. In 
one large vol., 4to, price £i 5s. cloth. 

"Ouf^t to be in every architect's and erery bunder's VSbr9ccj.''—BuiieUr. 
" A work whose monumental excellence must commend it wherever skilful carpentry is oon« 

cemed. The author's principles are rather confirmed than impaired by time. The additional 

plates are of great intrinsic value."— ^»«^m^ News. 

Woodworking Machinery. 

WOODWORKING MACHINERY : Its Rise, Progress, and Con- 
struction. With Hints on the Management of Saw MiUs and the Economical 
Conversion of Timber. Illustrated with Examples of Recent Designs by 
leading English, French, and American Engineers. By M. Powis Bai,b, 
A.M. Inst. C.E., M.I.M.E. Large crown 8vo, 125. 6d. cloth. 
" Mr. Bale is evidently an expert on the subject, and he has ccHlected so much information that 
his book is all-sufficient for builders and others engaged in the conversioa of timher."— Architect. 
"The most comprehensiTe compendium of woodrworking machinery we have teen. The 
' author is a thorough master of bis subject."— ^wi/^/sM^A'ira/x. 

" The appearance of this book at the present time will, we should think, give a considerable 
impetus to the onwar4 march of the machinist engaged in the designing and manufacture of 
wood-working ma chin W8. It should be in the office of every wood-workiqg factory."— fn^/irA 
dfecAanic, 

Sato Mills, 

SA W MILLS : Their Arrangement and Management, and the 
Economical Conversion of Timber, (Being a Companion Volume to " Wood- 
working Machinery/') By M. Powis Bale, A.M. Inst. C.E., M.I.M.E. 
With numerous Illustrations. Crown 8vo, 105. 6d. cloth. 

" The administraticH of a large sawing establishment is discussed, and the subject examined 
from a financial standpoint. Henoe the size, shape, order, and disposition of saw-mills and the 
like are gone into in detail, and the coune of the timber is traced from its reception to its 
delivery m its converted state. We could not desire a more complete or practical treatise."— 
Builder. 

" We highly recommend Mr. Bale's work tp the attention and perusal of aU those who are en> 
j^ged in the art of wood conversion* or who axe about building or remodelling saw-mills on im- 
proved principles."— .9Mtf(2M(g^ News, 

Ca/rpentering, 

THE CARPENTER'S NEW GUIDE ; or, Book of Lines for Car- 

g enters ; comprising all the Elementary Principles essential for acquiring a 
nowledge of Carpendy. Founded on the late Petkr Nicholson's Standard 
Work. A New Edition, revised by Arthur Ashpitel, F.S.A. Together 
-with Practical Rules on Drawing, by Georqb Pymb. With 74 Platesi 
4to, 3^1 IS. cloth. 

JETandrailing. 

A PRACTICAL TREATISE ON HANDRAILING : Showing 

New and Simple Methods for Finding the Pitch of the Plank, Drawing the 

Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By Georob 

CoLLiNGS. Illustrated with Plates and Diagrams. i2mo, 15. 6d. cloth limp. 

* ' Will be found ofjpractlcal utiliw in the execution of this difficult branch of iom&ry."— Builder. 

" Almost every dimcult phase of this somewhat intricate branch of joinery s elucidated t^ the 

lid of plates and explanatory letterpress."— i^Mrmi/Mrv Gaxette. 

O-ircular Work. 

CIRCULAR WORK IN CARPENTRY AND JOINERY: A 
Practical Treatise on Circular Work of Single and Double Curvature. By 
George Collings, Author of " A Practical Treatise on Handrailing." Illus- 
trated with numerous Diagrams. z2mo, 2s. 6d. cloth limp. ZJ^t^t published, 
* An excellent example of what a book of this kind should be. Cheap in price, clear in defini- 
[0x1, and practical in the examples selected."— ^wift/rr. 
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Timber Merchant's Cofnpanion, 

THE TIMBER MERCHANTS AND BUILDER'S COBS- 
PAN ION. ContainiBg New and Copiooa Tables of the Reduced Weight and 
lorement of Deals and Battens, of all sizes, from One to a Thousand 



Pieces, and the relative Price that each size bears per Lineal Foot to any 
Bven Price per Petertborg Standard Hundred ; the Price per Cnbe Foot of 
Square Timoertoanj given Price per Load of so Feet; the i>roportionate 
Valoe oi Deals and Battens bv th6 Standard, to Square Timber by the Load 
of so Pm^ ; the readied moae of ascertaining the Price of Scantling per 
Lineal Foot of anj size, to anv given Figure per Cube Foot, &c. &c. By 
WiLUAM Dowsing. Fourth Edition. Revised and Corrected. Cr. 8vo, 3s. cl. 
**Eviry dmbar nwffrhant and buttd«r ouKht to pooess it,"— HuU Advertiser. 
" We an glad to mo • feurth edition of these admirable taUes, which for coixectness and 

rimplHty of arrangenieat leave Dothing to be desired."— Timber Trades youmetl. 

** Aa e«ceedingiy weU-arranged. oMr, and concise manual of tables for tlte use of aO who bo]f 

or sail tinber."— 7M*r«M/ ^ Ferestry. 

BraeHeal Timber Merchant* 

THE PRACTICAL TIMBER MERCHANT, Being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., comprisiie 
uaefdl Tablet for all purposes connected with the Timber Trade, Marks <n 
Wood, Essay on the Strength of Timberj Remarks on the Growth of Timber, 
&c By W. RicHaaosoN. Fcap. 8vo, 3s. 6d. cloth. 
** Ttds hudy naniial coataias much Yaluable mformation for the use of timber merchants, 

bofldm, fo t es t e n ^ aad all othen coanected with the growtli. sale, and maaufiKture of timber.' - 

yeummi^Ferulry, 

Timber Freight Book. 

THE TIMBER MERCHANTS, SAW MILLER'S, AND 
iMPORTBR'S FREIGHT BOOK AND ASSISTANT. Comprising Roles, 
Tables, and Memoranda relating to the Timber Trade. By Wiluau 
RicHaaosoN Timber Broker; together with a Chapter on "Speeds of Saw 
Mill MACHiNBar," by M. Powis Bale, M.I.M.E.. &c. zamo, 3s. 6d. cl. boards. 
** A very naeAil manual of rales, tables, and memoranda, relating to the timber trade. We re- 

comBMod it as a conpendlum of calculation to all timber measurers and merchants, and as sappij' 

Inc a raal want ia the trade."— Afi&ltiv ^nvx. 

^acking^CaM Makers^ Tables for. 

PACKING-CASE TABLES ; showing the number of Super- 
ficial Feet in Boxes or Packing-Cases, from six inchles square and upwards. 
By W. RicHAKDSON, Timber Broker. Second Edition. Oolong 4to. 3s. 6d. cl. 
** Invahiable labouraavinff tables."— /rwwjMMtfvr. " Win save much labovir."— Grocer. 

Superficiai Mc€uuren^ent^ 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMBNT. Tables calculated from z to 200 inches in length, by i to 108 
Inches in breadth. For the use of Architects, Surveyors, Engineers, Timber 
Merchants, Bnilden^ ftc By Jambs Hawkings. Third Edition. Fcap., 
3S. 6d. doth. 

" A uaeAd collection of tables to fildlitate rapid calculation of swefBJxs. The exact area of as; 
surftkco of which the limits haTe been asceitahiea can be insumtiy determined. The book will be 
found of the gteataat utility to all engaged in building opecations."-^<»«»»MM. 

Forestry. 

THE ELEMENTS OF FORESTRY. Designed to afford In- 
formation concerning the Planting and Care of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F. B. 
HouoH, Large crown 8vo, zos. cloth. 

Timber Ifnporter^s Guide. 

THE TIMBER IMPORTER 'S, TIMBER MERCHANT'S AND 
BUILDER'S STANDARD GUIDE. By Richard E. Grandt. Compris- 
ing an Analysis of Deal Standards, Home and ForeSgn, with ComparatiTe 
Vtuuas and Tabular Arrangements for fixing Nett Landed Cost on Baltic 
and North American Deals, including all intermediate Expenses, Freight 
Insurance, &c. Ac. Together with copious Information for the Retailer and 
Builder. Third Edition, Revised, lamo, as. 6d. cloth boards. 
►hr«.ril?'L . ^-wJ£I!!i2?^ ^J^ ' >"^ "5 firradually. it leads one from a forest to a traenail. aad 
ftSSiiS. ""^•"•'K^*^ a host of materia! conceraW bricks^ columnar cisterns, &c^^^-Svte* 
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NAVAL ARCHITEGTURB, NAYIGATION, etc. 

Chain Cables. 

CHAIN CABLES AND CHAINS, Comprising Sizes and 
Curves of Links, Studs, &c., Iron for Cables and Chains, Chain Cable and 
Chain Making, Forming and Welding Links, Strength of Cables and Chains, 
Certificates for Cables, Marking Cables, Prices of Chain Cables and Chains, 
Historical Notes, Acts of Parliament, Statutory Tests, Charges for Testing, 
List of Manu£acturers of Cables, &c. &c. By Thomas W. Traili., F.E.R. N., 
M. Inst. C.E., Engineer Surveyor in Chief, Board of Trade, the Inspector 
of Chain Cable and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd's Committee on Proving Establishments. With numerous 
Tables, Illustrations and Lithographic Drawings. Folio, £2 is. clotbi 
bevelled boards. 

*' The author writes not only with a fiill acquaintance with scientific formulae and details, but 
also with a profound and fully-instructed sense of the importance to the safety of our stups and 
sailors of fidelity in the manufacture of cables." — Athenaufn, 

" The business of chain cable making is well explained and illustrated. We can safely recom- 
mend this work to all in any way connected with the manufacture of chain cables and chains, as a 
good book."— Nature. 

" It contains a vast amount of valuable information. Nothing seems to be wanting to make it 
a complete and standard work of reference on the s\i6}ect."—Nat4tioaU Ma£reuiitt4. 

Pocket'Bookfor Naval Architects and Shipbuilders* 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S* 
POCKET-BOOK of Formula, Rules, and TabUs^and MARINE ENGINEER*S 
AND SURVEYOR'S Handy Book of Reference. By Clement Mackrow, 
Member of the Institution of Naval Architects, Navaii Draughtsman. Third 
Edition, Revised. With numerous Diagrams, &c. Fcap., Z2S. 6d. strongly 
bound in leather. 
"Should be used by an who are engaged in the construction or design of vessels. . . . Will 

be found to contain the most useful tabfes and formulae required by shipbuilders, carefully collected 

from the best authorities, and put together in a popular and simple ioxm."— Engineer. 

" The professional shipbuilder has now, in a convenient ana accessible form, reliable data for 

5(dvii^many_ of the numerpus problems that present themselves in the course of his work."— /row. 
"There is scarcely a subject on which a naval architect or shipbuilder can require to refresh 

his memory which will not be found within the covers of Mr. Mackrow's \)o6k."— English Mechanic, 

Pochet'Book far Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULM FOR MARINE ENGINEERS. By Frank Proctor, A.I.N.A. 
Third Edition. Royal samo, leather, gilt edges, with strap, 45. 
"We recommend it to our readers as going far to supply a loiur-felt vraat."—A^avai Science, 
"A most useful companion to all marine engineers."— £Mita^ Sertfice Gwtet^, 

lAghthavses. 

EUROPEAN LIGHTHOUSE SYSTEMS, Being a Report of 
a Tour of Inspection made in 1873. By Major George H. Elliot, Corps of 
Engineers, U.S.A. Illustrated by 51 Engravings and 31 Woodcuts. 8vo, 
21S. cloth. 

%* The following are published in V/ealk* a Rudimentary Series. 

MASTING. MAST-MAKING, AND RIGGING OF SHIPS. By 
Robert Kipping, N.A. Fifteenth Edition. z2mo, 2s, 6d. cloth boards. 

SAILS AND SAIL-MAKING, Eleventh Edition, Enlarged, with 
an Appendix. By Robert Kipping, N.A. Illustrated, zamo, 3s. cloth boards. 

NAVAL ARCHITECTURE. By Tames Peakb. Fifth Edition, 
with Plates and Diagrams. lamo, 45. cloth boards. 

■MARINE ENGINES AND STEAM VESSELS {A Treatise on). 
By Robert Murray, C.E., Principal Officer to the Board of Trade for the 
East Coast of Scotland District. Eighth Edition, thoroughly Revised, with 
considerable Additions, by the Author and by George Carlisle, CE., 
Senior Surveyor to the Board of Trade at Liverpool, xamo, 5s. cloth boards. 

PRACTICAL NA VIGATION. Consisting of The Sailor's Sea- 
Book, by Jas. Greenwood and W. H. Rossbr ; together with the requisite 
Mathematical and Nautical Tables for the Working of the Problems, by 
Henry Law, C.E. and Prof. J. R. Young. Illustrated xamo, 7s. half-bound. 
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: * .-^ :- t- >:'?:-~r:5:':< H-^XPFOOX.- a Gmde for the Pro- 
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Jt£€Tiing Notes iXMd FormtUce. 

NOTES AND FORMULM FOR MINING STUDENTS. By 
John Herman Mbrivalb, M.Am Certificated Colliery Manager, Professor of 
Mining in the Durham College of Science, Newcastle-ujpon-Tyne. Second 
EditioDi carefully Revised. Small crown 8vo, cloth, price 25. 6d. 

[Just published. 

W^^ This book consists of a collection of notes and formula drawn from various 
sources, the authority being quoted in most instances. It is hoped that the work will 
be useful not only to students but to the prof ession. 

'The principal sources of information upon mining matters are the Transactions 
of the various Engineering Societies to which the student, in most of our large towns, 
has access. A great many references to the most familiar of them are given, so that 
the student who wishes to follow up a subject may be in a Position to acquaint himself 
ti/ith details which could not be included in a work like this. 

The examples of the use of the formula, at the end of the book, are merely given 
to assist students working without a teacher. 

" Invaluable to anyone who is workin^f up for an ezanxination on mining: subjects. "--Ct^a/ancf 
Irott Trctdes Rnnew. 

** The author has done his work in an exceedingly creditable manner, and has produced a book 
that -wriU be of serrice to students, and those who are practically engaged in mining operations."— 

*' A vast amount of technical matter of the utmost value to mining engineers, and of consider- 
able interest to students." — Schoolmaster. 

M:tner{il Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE, comprising a Treatise on Improved Mining Surveying and the Valua- 
tion of Mining Properties, with New Traverse Tables. By Wm. Limtbrn, 
Mining and Civil Engineer. Second Edition, with an Appendix on " Mag- 
netic and Angular Surveying/' with Records of the Peculiarities of Needle 
Distiurbances. With Four Plates of Diagrams, Plans, &c. lamo, 4s. cloth. 

[Just published. 
•• An enormous fund of information of great yait^."— Mining' youmaZ. 

** Mr. Llntem's book forms a valuable and thoroughly trustworthy guide."— />vm and Coal 
Trad^ Review. 

** This new edition must be of the highest value to colliery surveyors, proprietors and mana- 
gers." — CoUiery Guardian. 

M:ctaUiferou8 Minerals and Mining. 

TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davies, F.G.S., Mining Engineer, &c., Author of "A 
Treatise on Slate and Slate Quarrying." Illustrated with numerous Wood 
Engravings. Fourth Edition. Crown 8vo, 12s. 6d. cloth. 

■* Neither the practical miner nor the general reader interested in mines, can have a better book 
for his companion and his guide."— Afinin^ youmal. 

** The volume is one which no student of mineralogy should be without."— C^/Airf^ Guardian, 

•* We are domg our readers a service in calling their attention to this valuable yfot)L."'-Minin£r 
World. 

•* A book that will not only be useful to the geologist, the practical miner, and the metallurgist, 
but also very interesting to the general public."— /fvn. 

*< As a history of the present state of mining throughout the world this book has a real value, 
and it siipplies an actual want; for no such information has hitherto been brought together within 
such limited s^cit."--Ath€na%tnt, 

JEoTthy Minerals and Mining. 

A TREATISE ON EARTHY AND OTHER MINERALS 
AND MINING. By D. C. Davies, F.G.S. Uniform with, and forming a 
Companion Volume to, the same Author's " Metalliferous Minerals and 
Mining." With 76 Wood Engravings. Second Edition. Crown 8vo, 12s. 6d, 
cloth. 

•' It is essentially a practical work, intended primarily for the use of practical men. . . , We 
do not remember to have met with any English work on mining matters that contiuns the same 
amount of information packed in equally convenient {ona.''~-Academy. 

** The book is clearly the result of many vears' careful work and thought, and we should be 
inclined to rank it as among the very best of the handy technical and trades manuals which have 
recently appeared."— J5ri«xA Quarterly Review. 

" The volume contains a great mass of practical information, carefully methodised and pre* 
sen ted in a very intelligible shape." — Scotsman. 

"The subject matter of the volume will be found of high value by all— and they are a numer< 
ous class — who trade in earthy niiDeca\s."—AtAenaum. 
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A MASVAL OP MTSISG TOOLS. For the Use of Mine 
Mar-ipgry. Ajren.. Srade niv Ac By WnxiAM If obgams, Lectnrer oo Prac- 
tacAo W .-. i,7< M ne Bnstoi School oc Miaes. lanOk 3s. cloth boards. 

ATLAS CF ESGRAVISGS to lUnstrate the above, contain- 

r=^ rtf Ilrsg- ari o ns of Iflaios Tools, diawii to scale. 4to, 45. 6d. dotb. 
* Sr^3r:^< ^ t^i; brmkcr r^ Tirr.ritfc. aad iiiii»<a. <-*r*»"«« j. wanagex&, aiid t ia i eis nay sain 
L.-=i 4. <:i. • (r:.;^ {.re i:^*':. ajnrs t? t^ scadT a< Mr. Noisaas' annnal '—CclHay GumrdioH. 
- 1 T-uiA^iK v^aet. «4k:± «iZ toad aairndj u» impfove oar nunins^ fiteiatnre.''— J^t»»V 



COAL ASD COAL MINING: A RmUmmtary Treatise oi^. By 
Scr W Axrvcros W. Swrra, If ^ F.R.S., ftc. Chief Inspector of the Mines of 
crte Oovm. Kcv Ecinoo. Revised and Conected. With nmnerons illustra- 
ta.-nrs rmn. tt. cioth boairds. 
'^ A5 Kt tix=in» s rrvcs «r evoT kaom caal-Cdd in drii aad oilier c o mrtii e s. as wdl as oT tht 




large number oC teadeis.'- 



SUBTERRANEOUS SURVEYING, EUmeniaey and PraOUal 
T'rxitsf tm ; with and withoot the Magnetic Needle. By Thouas Fenwick, 
SrrwTcr at Mines, and Thomas Bakbk. CE. lUnstrated. ismo, 3s. dotb 
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Text Bmok of Biecirieity. 

THE STUDENTS TEXT-BOOK OP ELECTRICITY, By 
HsvsT M. NoAD. Ph.D^ F.R.S., F.CS. New Edition, carefully Revised. 
With an Introdnctioa and Additional Chapters, by W. H. Prbscb, M.I.C.E., 
\lae-PRsident of the Sodetr of Telegxaph Engineers, &c. With 470 Illastra- 
tkns. Crown Svo, izt. 6d. cloth. 

"• Tlwcniriaalriaa of this book kas bees carefblr adhered to so as to make it a reflex of the 
c«Sc=:^ $c■,^e o: c-irctnca! soeaoe. adapted for stndoits. ... Discovery seems to have pro- 
»>«^«T «--»• — ^«-ii *- • >L-< «T^.-i«>« T iMi i mhel ess k has now apparently ceased, and practical appuca- 
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; and it is to give a faithful account of diese that this fresh 

text-book is hunrhod forth."— £««rwdy>vOT iMirotbtOtcH by fV. H. 



d Dr. Noad s 1 
^VrftT, Esf. 

" \\> cxa recrenxneod Dr. Noad^ book for dear st]ie^ great range of sobject. a food index, 
wid a ri}e:>ora of woixicuts. Such coOectians as tiie present are indi^ensable. — v4Mm«wm. 

** tV. Notkd's text-book has earned for iisdf the repotatioa of a truly scientific manual for the 
stvKVa: of c^cTricttT, azkl «v gladly hail thb new amended edition, wliich Imngs it once moie to 
tV fTwnt. Mr, Prpece as rereer. with the assistance of Mr. H. R. Kempe and Mr. I. P. Edwards, 
Kks jk^ivVd all the practical resoits of recent invention and research to the admiraSle theoretical 
«\)>^s::?v>ns of the anthor. so that the book is about as complete and advanced as it is possible i<x 
any book to be within the linuts of a text-book."— 7WSvn^A*r yourruU, 



A MANUAL OP ELECTRICITY : Including Galvanism, Mag- 
mtti^m^ IHo-lf «^«fufM, Electro-Dynamics, Magno-Electricity, and the Electric 
TfUerapk. By Hknkt M. Noad, Ph.D., F.R.S., F.CS. Fourth Edition. 
With 500 Woodcuts. 8vo, £1 4s. doth. 

'T^l^""*""*** K^T" **' etectiicity and galvanism are not only complete in a scientific sense 
"««*h *« •«««r thing, are popubr and mtefestinjf.-—Ztf««/, 
n fa worthy of a place in die fibiary of eveiy public institution.''— ifin^Mx- ymtmoL 
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JSiectrie Light* 

ELECTRIC LIGHT : Its Production and Use. Embodying Plain 
Directions for the Treatment of Voltaic Batteries, Electric Lamps, and 
Dynamo-Electric Machines. By J. W. Ur^^uhart, C.E., Author of ^ Electro- 
plating." Second Edition, with large Additions and 128 lUusts. ys. 6d. cloth. 

" The book is by &r the best that we have jret met with on the suh\tct."— A thenitum. 

*' It is the only work at present available which pves, in lanyguafe intelligible for the most part 
to the ordinary reader, a general bat condse history of the means which have been adopted up ta 
the preseat time In produclncr the electric ligflit.''—M€trefotititH. 

''The book contains a general account of the means adopted in producing the electric light, 
not only as obtained from vohaic or galvanic batteries, but treats at length of the dynamo-electric 
machine in several of its tonos."^<^^iety Guardian. 

JSlectric lAghting. 

THE ELEMENTARY PRINCIPLES OF ELECTRIC LIGHT- 
ING, By Alak A. Campbell Swinton, Associate S.T.E. Crown 8vo» 
IS. 6d. cloth. 

••Anyone who desires a short and thovooghly clear exposition of the elementary principles of 
electric-Ugrhting cannot do better than read this little ytox^J'— Bradford Observer. 

IhCm lAirdner'8 School Handbooks* 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardnbr. 

338 lUostrations. Sixth Edition. One Vol., 3s. 6d. cloth. 

" A very convenient class-book for junior students in private schools. It is intended to convey. 
In clear and precise terms, general notions of aU the principal divisions of Physical Science."— 
British Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardnbr. 

With 190 Illastrations. Second Edition. One Vol., 3s. 6d. cloth. 
** Clearly written, well arranged, and excellently mveXnted."— Gardener's Chronicie. 

JDTm Lardner^a Electric Telegraph* 

THE ELECTRIC TELEGRAPH. By Dr. Lardnbr. Re- 
vised and Re- written by E. B. Bright, F.R.A.S. 140 Illustrations. SmaU 
8vo, 25. 6d. cloth. 
** One of the most readable books extant on the Electric Telegraph."— En^iish Mechanic. 

Storms. 

STORMS : Their Nature, Classification, and Laws; with the Means 
of Predicting them by their Embodiments, the Clouds. By V/u. Blasius. 
With Coloured Plates and Woodcuts. Crown 8vo, los. 6d. cloth. 

** A very readable book. . . . The fresh facts contained in its pages, collected with evident 
care, form a useful repository for meteorologists in the study of atmospherical disturbances. . . . 
The book will pay perusal as being the production of one who gives evidence of acute observa- 
tion. " — Nature. 

The Blowpipe* 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY. Containing all known Methods of Anhydrous Analysis, many 
Working Examples, and Instructions for Making Apparatus. By Lieut.- 
Colonel W. A. Ross, R.A. With zao Illustrations. Cr. 8vo, 3s. 6d. cloth. 

** The student who goes conscientiously through the course of experimentation here laid down 
^n fain a better insight into inorganic chemistry and mineralogy than if he had 'got up ' any of 
the best text-books ot the day, and passed any number of examinations in their contents.'^CA«m^ 
ca-l News. 

Xhe Military Sciences* 

AIDE-MEMOIRE TO THE MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the different Ser- 
vices. Originally edited by a Committee of the Corps of Royal Engineers. 
Second Edition, most carefully revised by aa Officer of the Corps, witn many 
Additions ; containing nearly 350 Engravmgs and many hundred Woodcuts. 
Three Vols., royal 8vo, extra cloth boards, and lettered, £4 los. 
*' A compendious encyclopaedia of military knowledge, to which we are greatly indebted."— 
Edinl'***'£^ ReMew. 

Fteld Fortification* 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. Bv 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Woo(> 
wich. Sixth Edition, crown 8vo, cloth, with separate Atlas of 12 Plates, Z2S. 
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DR. LARDNER'S HANDBOOKS OF NATURAL PHILOSOPHY, 



THE HANDBOOK OF MECHANICS, Enlarged'and almost re- 
written by Benjamin Loewy, F.R.A.S. With 378 Illastrations. Post 8vo, 
6s. cloth. 

" The perspicuity of tiie orlgiiial ha9 been retained, and cliapters which had become obsolete 
have been replaced by others of more modem character. The explanations throughout are 
studiously popular, and care has been taken to show the application of the various branches of 
physics to tne industrial arts, and to the practical business of hte."—AiiniM£' Journal. 

" Mr. Loewy has carefully revised the boolc, and brought it up to modem requirements."— 
Nature. 

" Natural phOosophy has had few exponents more able or better skilled in the art of popu< 
losing' the suSject than Dr. Lardner ; and Mr. Loewy is doing good service in fitting this treatise, 
and the others of the series, for use at the present Haat.'*— Scotsman. 

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 
New Edition, Revised and Enlarged, by Benjamin Loewy, F.R.A.S. With 
236 Illustrations. Post 8vo, 5s. cloth. 

"For those 'who desire to attain an accurate knowledge of phydcal science without die pro* 
found methods of mathematical investigatioo,' this work is not merely intended, but well adapted." 
^Chemical News. 

" The volume before us has been carefully edited, augmented to nearly twice the bulk of the 
former edition, and all the most recent matter has been added. . . . It is a valuable text-book." 
^Nature, 

" Candidates for pass examinations win find It, we think, specially suited to their requirements." 
Engrlish Mechanic. 

THE HANDBOOK OF HEAT, Edited and almost entirely re- 
written by Benjamin Loewy, F.R.A.S., &c. 1x7 Illnstrations. Post 8vo, 6s. 

cloth. 

"The style is always clear and precise, and conveys instroction without leaving any cloudiness 
or lurking doubts behind." — Engineering. 

"A most exhaustive book on the subject on which it treats, and is so arranged that it can be 

understood by all who desire to attain an accurate knowledge of physical science Mr. 

Loewy has included all the latest discoveries in the varied laws and effects of heaLX.."— Standard. 

"A complete and handy text-book for the use of students and general readers."— fn^AIr A 
Uechanic 

THE HANDBOOK OF OPTICS. By Dion ysius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. New Edition. Edited by T. Oi^ver Harding, B.A. Lond., 
of University College, London. With 298 Illustrations. Small 8vo, 448 
pages, 55. cloth. 

"Written by one of the ablest English scientific writers, beautifuDy and elaborately illustrated." 
Mechanics Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND 
ACOUSTICS. By Dr. Lardner. Ninth Thousand. Edit, by George Carey 
Foster, B. A., F.C.S. With 400 Illustrations. Small 8vo, 5s. cloth. 

" The book could not have been entmsted to anyone better calculated to preserve the terse and 
lucid style of Lardner, while correcting his errors and bringing up his work to the present state of 
scientific knowledge."— Av»«iJ>' Science Review. 

\* The above Five Volumes, though each is Complete in itself, form A Com- 
plete Course of Natural Philosophy. 



Dr. Lwrdner^s Handbook of Astronomy. 

THE HA NDBOOK OF A STRONOMY. Forming a Companion 
to the " Handbook of Natural Philosophy." By Dionysius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. Fourth Edition. Revised and Edited by Edwin Dunkin, 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of 
ICO Woodcuts. In One Vol., small 8vo, 550 pages, gs. 6d. cloth. 

" Probably no other book contains the same amount of information In so compendious and welU 
arranged a form — certainly none at the price at which this is offered to the pvibUc."—j4thenaum. 

"We can do no other than pronounce this work a most valuable manual of astronomy, and we 
strongly recommend it to all who wish to acquire a general— but at the same thne correct— acquaint- 
ance with this sublime scianoe."— Quarterly youmal qf Science. 

"One of the most deservedly popular books on the subject . . . We would recommend not 
only the student of the elementary principles of the science, but he who aims at mastering the 
higher and mathematical branches of astronomy, not to be without this work beside him."— i^M/^ 
col Magazine, 
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09. uftDners museum of science and art. 



THE MVSEVM OP SCIENCE AND ART. Edited by 
£:• rvYVTS LftAxvxx. D.C.T. ■ fokmuXf Pioieiwy of Natonl Philosophy and 
1=-* a L*a£-*«rsrv CaCcce. Lopihai. With opwards of 1,900 jSnerav- 
W jod. Is 6 DoobCe VolaBes. £1 u^ in a new aad defiant cloth bind- 
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*«• StpmMwU faofts fvfwUfnm the atom, smUMe for Workmm's Libraries, 

Scitmce Classes, etc. 

Cmrsmm Jhist^a Katptmin^A, Containing Air, Earth, Fire, Water, Time, 
Man. the Eve, Locomotion, Coloor, Clocks and Watches, &c 933 Illus- 
tratiottS» doih gilt, js. 

Tha Mitvaeapa* Containing Optical Images, Magnifying Glasses, Origin 
and Description of the Microscope, Microscopic Ooject^ the Solar Micro- 
scope, Microscopic Drawing ana Engraving, &a 147 Illustrations, dotb 
gilt.«. 

TfmUtr geofjyy. Containing Earthquakes and Volcanoes, the Crust of 
the Earth, ftc 20X Illastrations, cloth gilt, 2s. td. 

^mpmlmr PhpHeOm Containing Msjmitude and Minuteness, the Atmo- 
sphere, Meteoric Stones, Popular fallacies. Weather Prognostics, the 
lliermometer, the Barometer, Sound, &c. 85 lUustratiQns, cloth gilt, 2s, 6d. 

iifMias mnd ita Uaea. Indudinjg the Steam Engine, the Locomotive, and 
Steam Navigation. 89 Illustrations, cloth gilt, as. 

ramrfT Aatr&HomM, Containing How to observe the Heavens—The 
Earth, Sun, Moon. Planets, Light, Comets, Eclipses, Astronomical Influ- 
ences, &c xSa Illustrations, 45. 6d. 

The Bee mnd White Anis : Their Manners and Habits. With Illastra- 
tions of Animal Instinct and Intelligence. 135 Illustrations, cloth gilt, 2s. 

The ISieetrie Telegraph Bopularixed, To render intelligible to all who 
can Read, irrespective of any previous Scientific Acquirements, the various 
forms of Telegraphy in Actual Operation. 100 Illustrations, doth gilt. 
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COnNTINa.HOnBE WORK, TABUtS, etc 

u£ccount8 far Manufaeiurers* 

FACTORY ACCOUNTS: Their Principles and Practice. A 
Handbook for Accoantams and If annfactnrers. with Appendices on the No- 
menclature of If adiine Details ; the Income Tax Acts ; the Rating of Fac- 
tories; Fire and Boiler Insurance; the Factarj and Workshop Acts, &c, 
inclnduig also a Glossary of Terms and a larfi^e nomber of Specimen Rulings. 
B]r £mii,b Gakckx and J. M. Fuxs. Second Edition. Demy 9vo, sjo pages, 
price xos. 6d, stron^y bound. [Jnst ptMtilud, 

"Oneoftiie most h au oi ut woffcs cwr publMtcd dealing with these matttis. Tlie anthors 
have treated the snbjcct mm the itanrtpoint of the tactorj. as piactkal men ^)eal>ing to practical 
men. and not. as has been too often the case, as schoofanasters to xhooBboyz.'''—£itttriciiuu 

** A Tciy interesting descriptioo of the leq uiirmcnis of Factonr Accounts. . . . theprincteltt 
of asriaiilating the Factory Arro i ints to the genetal commercial books is one which w« thoroogfaly 
a g r ee with."— ^ovwjrAm^s' y^itmal. 

" Characterised by eilirine thoroi^hness. There are few owners of F a c to rie s who would 
not derire great bendit from die pcmsal of Uiis most admirahie woik."— Ztfoo/ GtfCwnuMnU 

foreign Commercial Correspondence^ 

THE FOREIGN COMMERCIAL CORRESPONDENT: Being 
Aids to Commercial Correspondence in Five Langoages— English, Freoch, 
German, Italian and Spanish. By Chaklbs B. Baxkk. Crown 8vo, price 
about 55. [/» preparatum. 

Intuitive Caicuiations. 

THE COMPENDIOUS CALCULATOR: or, Easy and Con- 
cise Methods of Perfonning the various Arithmetical Operations required in 
Commercial and Business Transactions, together with Useful Tables. By 
Daniel O'Corman. Corrected and Extended by J. R. Youno, formerly 
Professor of Mathematics at Belfast College. Twenty-sixth Edition, care> 
fully Revised by C. Norris. Fcap. 8vo, 35. 6d. strongly naif-bound in leather . 

" It would be difficult to exaggerate the usefulness of a book like this to ereryone engaged in 
conufterce or mannfacturinff industry. It is crammed full of rules and formulae for shortening and 
employing calculations."— ATx^awfe^ey. 

" Supplies special and rapid methods for all kinds of calculations. Of great utility to persons 
engaged in any kind of commercial transactions."— ^Seaff»/Mn. 

Modern Metrical Units and Systems. 

MODERN METROLOGY : A Manual of th$ Mitrical Units 
and Systems of the Present Century, With an Appendix containing a proposed 
English System. Bv Lowis D'A. Jackson, A.M. Inst. C.E., Author of " Aid 
to Survey Practice,'^ &c. Large crown 8vo, 125. 6d. cloth. 
**The author has brought together much Taluable and interesting information. . « . We 

cannot but recommend the woric to tha consideratioo of all interested in the practical refonn of oiur 

weights and measures."— Ab/iMnr. .... 

" For exhausdre tables of equivalent wdghts and measures of all sorts, and for dear demonstra* 

tions of the effects of the various systems that have been proposed or adopted, Mr. Jackson's 

treatise is without a rinlT—jicMUmy. 

The Metric System and the British Standards. 

A SERIES OF METRIC TABLES, in which th$ British Stand- 
ard Measures and Weights are compared with those of the Metric System at present 
in Use on the Continent, By C. H. Dowlino, C.E. 8vo, xos. 6d. strongly bound. 
** Their accuracy has been certified by Professor Aliy, the Astronomer-Roval."— ^m utter. 
"Mr. Dowling's Tables are well put together as a ready-reckoner for the convarsion of one 
system into the oSier."— ^^A<»un<M. 

Jron and Metal Trades^ Calculator. 

THE IRON AND METAL TRADES' COMPANION. Fcr 
expeditiously ascertaining the Value of any Goods bought or sold by Weight, 
from 15. per cwt. to 112s. per cwt., and from one farthing per pound to one 
shilling per pound. Each Table extends from one jpound to xoo tons. To 
which are appended Rules on Decimals, Square and Cube Root, Mensuration 
of Superficies and Solids, &c. : Tables ot Weights of Materials, and other 
UsefulMemoranda. By Thos. Downib. 396 pp., 9s. Strongly bound in leather. 
- A most useful set of tables, and wiU supply a want, for nothing like them befora axlttad."— 

"^"oAJthowrh 'specially adapted to the iron and metal trades, the tables will be fbund uttfld in 
every other biisin«» {a which merchandise is bought and sokl by weight."— ^tfmv Airwi; 
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CaUuUUar far yumhers and Weights Comhined. 

THE COMBINED NUMBER AND WEIGHT CALCU- 
LA TOR, Containing upwards of 250,000 Separate Calculatioas, showing at 
a glance the value at 421 difierent rates, ranging from ^th of a Penny to 20s. 
each, or per cwt., and £20 per ton, oi any number of articles consecutively, 
from X to 470. — Any numt>er of cwts., qrs., and lbs., from i cwt. to 470 cwts.— 
Any number of tons, cwts., qrs., and lbs., from x to 23I tons. By Whxiau 
Chadwick, Public Accountant. Imp. 8vo, 30s. strongly bound for Office wear 
and tear. 

tstr This comprehensive and entirely unique and original Calculator is adapted 
for the use 0/ Accountants and Auditors, Railway Companies^ Canal Companies, 
Shippers, Shipping Agents, General Carriers, etc. Iron/ounders, Brass/ounders, 
Metal Merchants, Iron Manufacturers, Ironmongers, Engineers^ Machinists^ Boiler 
Makers, Millwrights, Roojingt Bridge and Girder Makers, Colliery Proprietors, etc. 
Timber Merchants, Builders, Contractors, Architects., Surveyors^ AuctioneerSt 
Valuers, Brokers, Mill Owners and Manufacturerst Mill FumisherSt Merchants and 
General Wholesale Tradesmen. 

*«* Opinions of thb Press. 

"The book contain* the answers to questions, and not simply .a set of ineenious puzzle 
methods of arriving at results. It is as easy of reference for any answer or any ntMnber of answers 
as a dictionary, and the references are even more quiclcly madet For making up accounts-or esti- 
mates, the book must prove invaluable to aH who nave any considerable quantity of calcuiatiocs 
involving price and measure in any combiuadon to do."—£Hfineer. 

" The most complete and practical ready reckoner which it has been our fortune yet to see. 
It is difficult to imagine a trade or occupation fai which it could not be'of the greatest use, either 
in saving human Labour or in checking yrork.."— The Mirier. , 

" The most perfect work of the kind yet prepared."— <;/ewjW Herald, 

Comprehensive Weight CaZctilator. 

THE WEIGHT CALCULATOR, Being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at One Reference the exact 
Value of any Weight from i lb. to 15 tons, at 300 Progressive Rates, from id. 
to x68s. per cwt., and containing 186,000 Direct Answers, which, with their 
Combinations, consisting of a smgle addition (mostly to be performed at 
sight), will afiord an aggregate of 10,266,000 Answers ; the whole being calcu- 
lated and designed to ensure correctness and promote despatch. By Henry 
Harbbn, Accountant. Fourth Bdition, carefully Corrected. Royal 8vo, 
strongly half-bound, £1 5s. \Just published. 

" A practical and useful work of reference for men of business generally ; it is the best of the 

kind we have seen."— Ironrnonfer. 

"Of priceless value to business men. Its accuracy and completeness hare secured for it a 

reputation which renders it quite unnecessary for us to say one word in its praise. It is a necessai; 

book in all mercantile offices."— %SA<^«/df IftdePetuUttt. 

Comprehensive IHscount Guide. 

THE DISCOUNT GUIDE, Comprising several Series of 
Tables for the use of Merchants, Manufacturers, Ironmongers, and others, 
b}r which may be ascertained the exact Profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit after allowing one or 
more Discounts : to which are added Tables of Profit or Advance from i| to 
90 per cent.. Tables of Discount from li to gSf per cent., and Tables of Com- 
mission, &c., from i to 10 per cent. By Henry Harben, Accountant, Author 
of " The Weight Calculator." New Bdition, carefully Revised and Corrected. 
Demy 8vo, 544 pp. half-bound, £1 5s. 

" A book such as this can only be appreciated by busines;; men, to whom the savinsr of time 
means saving of money. We have the nigh authority of Professor T. R. Young that the taldes 
throughout tne work are constructed upon strictly accurate principles. The wocic must prove 
of great value to merchants, manufacturers, and general traders." — British Trad* youmetl. 

Iron Shipbuilders' and Merchants' Weight Tables. 

IRON 'PLATE WEIGHT TABLES: For Iron Shipbuilders, 
Engineers and Iron Merckauts. Containing the Calculated Weights of up- 
wards of 150,000 different sizes of Iron Plates, from i foot by 6 in. by ^ in. to 
10 feet by 5 feet by z in. Worked out on the basis of 40 lbs. to the square 
foot of Iron of i mch in thickness. Carefully compilea and thoroughly Re- 
vised by H. Burlinson and W. H. Simpson. Oblong 4to, 25s. half.bound 
'•This work wiU be found of great utUity. The authors have had much practical experience 
\b?«U''<SS,li^]?S|/£?S?^«"2? the use of the book mUI save much time S^SSig 
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INDUSTRI AL AND USEF UL ARTS. 

Soap'-making* 

THE ART OF SOAP-MAKING: A Practical Handbook of the 
Manufacture of Hard and Soft Soaps, ToiUt Soaps, etc» Inclading many New 
Processes, and a Chapter on the Recovery of Glycerine from Waste Leys. 
By Alexander Watt, Author of ** Electro-Metallurgy Practically Treated," 
&c. With numerous Illustrations. Third Edition, Revised. Crown 8vo, 
7s. ^, cloth. 
"The work will prove very useftil, not merely to the technological student, but to the practical 

soap-boiler who wishes to understand the theory of his ast."—Ch€fnical News. 

"Really an excellent example of a technical manual, entering, as it does, thoroughly and 

exhaustivere^ both mto the theory and practice of soap manufacture. The book is well and honestly 

done, and deserres the considerable circulation with which it will doubtless meet."— Jtrfunv/enS^tf. 
** Mr. Watt's book is a thoroughly practical treatise on an art which has almost no literature in 

oar language. We congratulate the author on the success of his endeavour to fill a void in English 

technical uterature."— A'a^rc. 

Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook, in which the Operations of Tanning, Currying, and 
Leather Dressing are fully Described, and the Principles of Tanning £z- 
plained, and many Recent Processes introduced; as auso Methods for the 
Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut 
Dressing, &c. By Alexander Watt, Author of " Soap-Making," ** Electro- 
Metallurgy," &c. With numerous Illustrations. Second Edition. Crown 
8vo, 95. cloth. \yust published. 

"A sound, comprehensive treatise on tanning and its accessories. The book is an eminently 

valuable production, which redounds to the credit of both author and publishers."— CA^mMo/ 

Review. 

"This volume is technical without being tedious, comprehensive And complete without being 

prosy, and it bears on every page the impress of a master hand. We have never come across a 

better trade treatise, nor one tliat so thoroughly supplied an absolute want."— vSAoe and iMtther 

TradtJ Chronicle. 

Boot and Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING, A Practical 
Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing and 
Making, with a Description of the most approved Machinery employed. 
By John B. Lbno, late Editor of St. Crispin, and The Boot and Shoe-Maker. 
With numerous Illustrations. Second Edition. Crown Bvo, 2s. 6d. doth. 

[Just published. 

" This excellent treatise is by far the best work ever written on the subject. A new work, 

embracing all modem improvements, was much wanted. This want is now satisfied. The chapter 

on cUckiJag, which shows now waste may be prevented, will save fifty times the price of the book." 

—Scottish Leather Trader. 

" This volume is replete with matter wdl worthy the perusal of boot and shoe manufacturers 
and experienced craftsmen, and instructive and valuable in the highest degree to all youu); 
beginners and craftsmen in the trade of which it treaXs."— Leather Trades' Circular, 

J>enti8try. 

MECHANICAL DENTISTRY : A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Comprising also Use- 
ful Formulas, Tables and Receipts for Gold Plate, Clasps, Solders, &c. &c. 
By Charles Hunter. Third Edition, Revised. With upwards of zoo 
Wood Engravings. Crown 8vo, 3s. 6d. cloth. {Just published. 

" The work is very practical."— Aflow/A^ Review of Dental Surgery. 

" We can strongly recommend Mr. Hunter's treatise to all students preparing for the profession 
of dentistry, as welTas to every mechanical dentist."— Z>M^/iM youmaltif Medical Science. 

Wood Engraving. 

A PRACTICAL MANUAL OF WOOD ENGRAVING, With 

a Brief Account of the History of the Art. Bv William Norman Brown. 

With numerous Illustrations. Crown 8vo, 25. cloth. 

" The author deals with the subject in a thorougiily practical and easy series of representative 
lessons."— /'a^er and Printings Trades youmat. 

" The book is clear and complete, and will be useful to anyone wanting to understand the first 
elements of the beautiful art of wood engraving. "--Gra/AtV. 

Baper Making* 

A TREATISE ON PAPER; with an Outline of its Manufacture, 
Complete Tables of Sixes, etc. For Printers and Stationers. By Richardson 
Parkinson; 8vo, 3j. cloth ; as. 6d. paper wrapper. 
" An admirable handbook by a man who understands his subject"— i'rih/rrf' Register, 
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LOCKWOOD'8 HANDYB00K8 FOR HANDICRAFTS. 

t^ Theu Handybooks are writUn to supply Handicraftsmen with informa- 
Hon on workshop practice, and are intended to convey ^ in plain language^ technical 
knowledge of the uvtral crafts. Workshop terms are used, and workshop practice 
described, the text being freely illustrated with drawings of modem tools, appliances 
and procesus, uuful alike to the young beginner and to the old hand, whose range 
of experience has been narrowed undif a system of divided labour, as well as to 
amateurs. 

The following Volumes are already published. 



Metal Turning* 

THE MET A L TURNER'S HA ND YBOOK. A Practical Manual 
for Workers at the Foot'Lathe: Embracing Information on the Tools, 
Appliances and Processes employed in Metal Turning. By Paul N. Has- 
LUCK, A.I.M.E., Author of" Latbe-Work." With upwards of One Hundred 
Illustrations. Second Edition, Revised. Cr. 8vo, «. cloth. [Just published. 

" Akomther admirably adapted to Initiate students into the art of tuminff." — Leiuxter Post. 

" Qeany and concisely written, excellent in every way, we heartily conunend it to all interested 
in oietal turning:."— A/«rA«nte/ World. 

" With the assistance of a clever master, a dear and vivid expounder, and an abundance of 
ilhistrations. the work lets handicraftsmen know what are the resources of the tuming^-lathe and how 
these may be developed."— ZTwiubr Advertiser, 

Wood Turning. 

THE WOOD TURNER'S HANDY BOOK. A Practical Manual 
for Workers at the Lathe : Embracing Information on the Tools, Appliances 
and Processes Employed in Wood Turning. By Paul N. Hasluck, A.I.M.E , 
Author of " Lathe- Work." "The Metal Turner's Handybook," &c With 
upwards of One Hundred Illustrations. Crown 8vo, 25. cloth. {Just published, 

** The volume Is well and clearly written in a lucid style, and all the instructions ar« fially ehren. 
It will be found of in'eat value to workmen and amateurs, and forms a safe and reliable guide to 
every branch of the lathe manipulation."— Car^^M^r and Builder. 

" An excellent manual for workers at the lathe."— G/ox^w Herald. 

"We recommend the book to young turners and amateurs. A multitude of workmen have 
hitherto sought in vain for a manual of this special vodixstay"— Mechanical JVorld. 

Watch Repairing. 

THE WATCH JOBBER'S HANDYBOOK. A Practical Manual 
OH Cleaningt Repairing and A djusting. Embracing Information on the Tools, 
Materials, Appuances and Processes Employed in Watchwork. By Paul N. 
Hasluck, A.I.M.E., Author of " Lathe-work," "The Metal Turner's Handy- 
Book," "The Wood Turner's Handybook,'* &c. With upwards of One 
Hundred Illustrations. Crown 8vo, 2s. cloth. [Just published. 

" Written in a dear style exactly suited to beginners and amateurs. We heartily reconunend 
it."— Practical Engineer. 

" We recommend it to craftsmen in watdimaking as a useful and well'Wntten grammar of their 
art." — Scotsman. 

" All young persons connected with the trade should acquire and study this excellent, and a: 
the same time, inexpensive work."— C^r^fcrMwr// Cftranicie. 

Pattern Making. 

THE PATTERN MAKER'S HANDYBOOK. A Practical 
Manual, embracing Information on the Tools, Materials and Appliances em- 
ployed in Constructing Patterns for Founders. By Paul N. Hasluck, 
A.I.M.E. With One Hundred Illustrations. Cr. Svo, 25. cloth. [Just published, 
** Mr. Hashick's * Lathe Work * and kindred productions have acquired a higb reputatioo 

His new volume. ' Pattern Making.' contains invaluable advice, and furnishes the stucuous vrorkmon 

with a very laige amount of practical information." — Llo^s News. 

" Especial^ useful to the beginner. We commend tt to all who are interested in the connseb 

it so ably gives."— Ctf//»fry Guardian. 

"This handy volume contains sound information of considerable value to students aad 

artificers."— /fayrfwanr Trade Journal. 

Mechanical Manipulation. 

THE MECHANICS WORKSHOP HANDYBOOK, A Practical 
Manual on Mechanical Manipulation. Embracing Information on varion« 
Handicraft Processes, with Useful Notes and Miscellaneous Memoran<ia! 
By Paul N. Hasluck, A.I.M.E. Author of " Lathe-Work," '« The &T«»t^ 
Turner's Handybook," « The Wood Turner's Handybook." &c Crown Svo 
«• cloth. ^ust reSr 
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Electrolysis of Gold, SUver, Copper, etc. 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 
0/ Gold, Silver, Copper, Nickel^ and other Metals and Alloys. With descrip- 
tions of Voltaic Batteries, Magnet and Dynamo-Electric Machines, Ther- 
mopiles, and of the Materials and Processes used in every Department oi 
the Art, and several Chapters on ELECTRO-METALLURGY. By Alex- 
ANDBR Watt, Author of *' Electro-Metallurgy," &c. With numerous Illus- 
trations. Second Edition, Revised and Corrected. Crown 8vo, 9s. cloth. 

[Just published. 

** Evidently written by a practical man who has si>ent a lone period of time in electro-plate 

workshops. The information given respecting the details of worJcsnop manipulation is remarkably 

complete. . .' . Mr. Watt's book will prove of great value to electro-depositors, Jewellers* ana 

varions other workers in metaL" — NtUure. 

" Eminently a book for the practical worker in electro-deposition. It contains minute and 
practical descnptions of methods, processes and materials as actually pursued and used in the 
workshop. Mr. Watt's book recommends itself to all interested in its subjects." — Engineer, 

JElectro-MetaUurgy. 

ELECTRO-METALLURGY; Practically TreaUd. By Alexander 

Watt, F.R.S.S.A. Eiehth Edition, Revised, with Additional Matter and 

Illustrations, including me most recent Processes. i2mo, 3s. 6d. cloth boards. 

"From tilts book both amateur and artisan may learn everything necessary for the successful 

prosecution oi electroplating."— /roM. 

Electroplating. 

ELECTROPLATING : A Practical Handbook. By J. W. Urqu- 

HART, C.E. With numerous Illustrations. Crown 8vo, 55. cloth. 
" The information given appears to be based on direct personal knowledge. . . Its science 
s sound and the style is always.dear."— ^iA^w^rMm. 

Electrotyping. 

ELECTROTYPING : The Reproduction and Multiplication of Print- 
ing Surfaces and Works of Art by the Electro-deposition of Metals, By J. W. 
Urquhabf, C.E. Crown 8vo, 5s. cloth. 
**The book is thoroughly practical. The reader is, therefore, conducted through the leading 

laws of electricity, then through the metals used by electrotypezs, the apparatus, and the depositing 

processes, up to the final preparation of the work."— ^rf youmai. 

** We can recommend this treatise^ not merely to amateurs, but to those actually engaged in the 

trade." — Chemical News. 

Goldsmiths' Work. 

THE GOLDSMITH* S HANDBOOK, By George E. Gee, 

Jeweller, &c. Third Bditicm, considerably Enlarged. lamo, 3s. 6d. cloth 

boards. 

** A good, sound, technical educator, and will be generally accepted as an authority. It exactly 
fulfils the purpose intended."— //^ro^if^to/ youmal. 

** Will speedily become a standard book which few will care to be without."— yine«/&r and 
Metalworker. 

SHv^rsmiths' Worlc. 

THE SILVERSMITH'S HANDBOOK, By George E. Gee, 

Jeweller, &c. Second Edition, Revised, with numerous Illustrations. lamo, 

35. 6d. cloth boards. 

"The chief merit of the work is its practical character. . . . The workers in the trade will 
speedily discover its merits when they stt down to study it,"— Enelish Mechanic. 

* * This work forms a valuable sequel to the author's ' Goldsnuth's Handbook.' "Silversmiths 
Trtuie youmal, 

♦»* The above two works together^ strongly half -bound, price ys. 

CTeoctUe Manufacturers' Tables. 

UNIVERSAL TABLES OF TEXTILE STRUCTURE. 

For the use of Manufacturers in every branch of Textile Trade. By Joseph 

Edmondson. Oblong folio, strongly bound in cloth, price ys. 6d. 

9S^ The principle on which the tables are founded is well kr^wn, and much 
used in the muslin manufacture, but the intricacy of the calculations hitherto 
required (especially where warp and weft differ in counts and in the closeness of the 
threads) has prevented its general appUcatton. By these tables all the adjustments 
■may be made without calculation. Mere references to the proper places bring out 
the required information. 

" Immense labour has been bestowed on the work by the author. The tables are adaptea to 
every mode of numbering yams and setts, and apply to all the branches of textile manufacture.' - 
TextUe Recorder. 

D 
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Horology. 

A TREATISE ON MODERN HOROLOGY, in Theory and Prac- 
tice. Translated from the French of Claudius Saunier, ex-Director of the 
School of Horology at Macon, by Julibn Tripflin, F.R.A.S., Besancon 
Watch Manufacturer, and Edward Kigg, M.A., Assayer in the Royal Mint. 
WiUi Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. 
Second Edition. Soper-royal 8vo, £% as. cloth, £t los. half-calf. 

" There is no horoloffical work in the English laneuage at all to be compared to this produc- 
tion of M. Saunier's for clearness and completeness. It is alike good as a guide for the student and 
!a a reference for the experienced horologist and skilled workman." — Horological youmal. 

" The latest, the most complete, and the most reliable of those literary productions to which 
continental watchmakers are indebted for the mechanicflJ superiority over tneir English brethren 
—in fact, the Book of Books, is M, Saunier's 'Treatise.'"— W«iScA»r«*«r, yewtlUr and Sitifersmilh. 

" This ni.i^iificent treatise is one of the most valuable and comprehensive contributions to the 
literature of hurolui^ical art and science ever produced, and cannot be too highly commended. It 
i!> a perfect cycIop.tdia of watch and clockmaking."— 7*4^ Ceventry PVatck and Cloc^maAer, 

Watchmaking. 

THE WA TCHMA KER 'S HA NDBOO K, Intended as a Work- 
shop Companion for those engaged in Watchmaking and the Allied Mechani- 
cal Arts. Translated from the French of Claudius Saunier, and consider- 
ably Enlarged by Julien Tripplin, F.R.A.S., Vice-f*resident of the Horologi- 
cal Institute, and Edward Rigg, M.A., Assayer in the Royal Mint. With 
Numerous Woodcuts and Fourteen Copper Plates. Second Edition, Revised. 
With Appendix. Crown 8vo, 9s. cloth. [Just published. 

" Hach part is truly a treatise in itself. The arrangement is irood and the language is clear and 
conci-.e. It is an admirable vuide for the young watchmaker."— /:"«;ft;««rt«^. 

" It is impossible to speak too highly of its excellence. It fulfils every requirement in a hand- 
Iinok intended for the use of a workman. Should be foimd in every workshop."— /fai^ and 
ClockmaJker. 

" This book contains an immense number of practical details bearing on the daily occupation 
of a watchmaker, and it will be found of great use to an army of ■wotK.eTS."—IVatchtna^er and 
Metalworker (Chicago). 
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The Alkali Trade, Sulphuric Acid, etc, 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. 
By John Louas, Alkali Manufacturer, Newcastle-upon-T]rne andf London. 
With 232 Illustrations and Working Drawings, and containing 390 pages of 
Text. Second Edition, with Additions. Super-royal 8vo, £1 los. cloth. 

" This book is written by a manufacturer for manufacturers. The working details of the most 
approved forms of apparatus are given, and these are accompanied by no less than 2«s wood en- 
gravings, all of which may be used for the purposes of construction. Every step in the manufac- 
ture is very fully described in this manual, and each improvement explained." — Athenaum, 

" The author is not one of those clever compilers who, on short notice, will 'read up ' any oonceiv. 
able subject, but a practical man in the best sense 01 the word. We find here not merefy a sound 
and luminous explanation of the chemical principles of the trade, but a notice of numerous matters 
which have a most important bearing on the successful conduct of alkali works, but which are 
generally overlooked by even the most experienced technological authors." — Chemical Hevicaf. 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 

Edwards Wright, B.A. Crown 8vo, 3s'. 6d. cloth. 

*' This little volume, containing such a large amount of good sense in so smalt a compass, ought 
to recommend itself to every brewery pupil.^'— J?r«w;wj' Guardian. 

Commercial ChemiceU Analysis. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA- 
LYSIS; or, Practical Instructions for the determination of the Intrinsic or 
Commercial Value of Substances used in Manufactures, in Trades, and in the 
Arts. By A. Normandy, Editor of Rose's "Treatise on Chemical Analysis." 
New Edition, to a great extent Re-written by Henry M. Noad, PI1.D., 
F.R.S. With numerous Illustrations. Crown 8vo, I25. 6d. cloth. 

"We strongly recommend this book to our readers as a guide, alike indispensable to the house- 
Te as to the pharmaceutical practitioner."— ^A/^a/ Times. . 
••Essential to the analysts appointed under the new Act. The most recent results are eiven. 
the work is well edited and carefully written."— A'a/«r». 
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I>ye~Ware8 and Colours. 

THE MANUAL OF COLOURS AND DYE-WARES : Their 
Properties, Applications, Valuation^ Impurities, and Sophistications, For the 
use of DyerSj Printers, Drysalters, Brokers,.&c. By J. W. Slater. Second 
Edition, Revised and greatly Enlarged. Crown 8vo, 7s. 6d. cloth. 
" A complete encsrclopaedia of the materia tinctoria. The infonuation given respecting each 

article is full and precise, and the methods of determining^ the value of articles such as these, so 

liable to sophistication, are given with deaurness, and are practical as weQ as xa^sxd^it."— Chemist 

and Drttggixt. 

" There is no other work which covers precisely the same ground. To students preparing 

for examinations in dyeing and printing it will prove exceedingly useful."— Chemicai News. 

JPifftnents, 

THE ARTIST'S MANUAL OF PIGMENTS, Showing 
their Composition, Conditions of Permanency, Non- Permanency, and Adul- 
terations ; Effects in Combination with Each Other and with Vehicles ; and 
the most Reliable Tests of Puritjr. Together with the Science and Arts 
Department's Examination Questions on Painting. By H. C. Standagb. 
Second Edition, Revised. Small crown 8vo, as. 6d. cloth. [Just published. 
" This work is indeed tnuitum-in-^rvo, and we can, with good conscience, recommend it to 

all who come in contact with pigments, whether as makers, dealers or users."— Chemica/ Review. 
"This manual cannot fau to be a very valuable aid to all painters who wish their work to 

endnre and be of a sound character ; it is complete and comprehensive." — Spectator. 

" The author supplies a great deal of very mluable information and memoranda as to the 

chemical qualities ana artistic effect of the principal pigments used by painters."— ^wi/ii&r. 

Gauging. Tables and Rules for Revenue Officers, 

JBretaera, etc, 

A POCKET BOOK OF MENSURATION AND GAUGING : 
Containing Tables, Rules and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. Manx (Inland Revenue). Oblong i8mo, 4s. 
leather, with elastic band. [Just published. 

" This handy and useful book is adapted to the requirements of the Inland Revenue Depart- 
ment, and will be a favourite book of reference. The range of subjects is comprehensive, and the 
arrangement simple and clear." — Ctvidan. 

"A most useful book. It should be in the hands of every practical brewer." — Brewers' 
journal. 
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AgHctUtural Facts and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrose McConnkll, 
Fellow of the Highland and Agricultural Society ; late Professor of Agricul- 
ture, Glasgow Veterinary College. Third Edition. Royal samo, full roan, 
gilt edges, with elastic band, 45. 
•• The most complete and comprehensive Note-book for Farmers and Farm Students that w 

have seen. It literaUy teems with mformation, and we can cordially recommend it to all connected 

•with agriculture."— Aw-/!* British A^^riculturist. 

Touatt and Burn's Complete Orazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT, A Compendium of Husbandry; especially in 
the departments connected with the Breeding, Rearing, Feeding, and General 
Management of Stock ; the Management of the Dairy, &c. With Directions 
for the Culture and Management of Grass Land, of Grain and Root Crops, 
the Arrangement of Farm Offices, the use of Implements and Machines, and 
on Draining, Irrigation, Warping, &c. ; and the Application and Relative 
Value of ^lanure8. By William Youatt, Esq., V.S. Twelfth Edition, En- 
larged by Robert Scott Burn, Author of " Outlines of Modem Farming," 
'* Systematic Small Farming," &c. One large 8vo volume, 860 pp., with 244 
Illustrations, £1 is. half-bound. , 

** The standard and text-book with the farmer and gmaer."— Farmers Mag'asine. 
"A treatise which will remain a standard work on the subject as long as British agriculture 
endures."— A/i»r* Lane Express (First Notice). 

*' The book deals with all departments of agriculture, and contains an immense amount of 
valuable information. It is, in fact, an encyclopaedia of agriculture put into readable form, and it 
is the only work equally comprehensive brought down to present date. It is excellently printed o- 
thick paper, and stronely bound, and deserves a place in the library of every agriculturist."— A' 
Lane Extress (Second Notice). 
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FUntr Manufacturef MiUing, etc» 

FLOUR MANUFACTURE: A Treatise on Milling Science 
and Practice. Bt Fribdricr Kick, Imperial Regieningsratb, Professor of 
Mechanical Technology in the Imperial German Polytechnic Institute, 
Prague. Translated from the Second Enlarged and Revised Edition with 
Supplement. By H. H. P. Powlbs. Assoc. Afemb. Institution of Civil En- 
gineers. Nearly 400 pp. lUustratea with 28 Folding Plates, and 167 Wood- 
cuts. Royal 8vo, 255. Cloth. [Just publisfud. 

" Thk valuable work U, and will remain, the standard authority on the sdence of milling. . . 
The miller who has read and digrested this work will have laid the foundation, so to speak, of a suc- 
ce&aAil career ; he will have acquired a number of g'eneral princiides which he can proceed to 
.ippljr. In this handsome volume we at last have the accepted tezt-oook of modem miHingingood. 
M>und English, which has little, if any, trace of the German idiom." — TJu Miller. 

*' Professor Kick treats the subject so thoroughly both on its theoretical and practical sides that 
his work is well suited to be a text-book of technical education anywhere."— 5<e»<^maM. 

" The appearance of this celebrated work in English is very opi>ortune, and British millers 
will, we are sure, not be slow in availing' themselves of its pages."— ^i/^rj' Gazette. 

HntaU Farming. 

SYSTEMATIC SMALL FARMING; or, The Ussons of my 
Farm, Being an Introduction to Modern Farm Practice for Small Farmers 
in the Culture of Crops ; The Feeding of Cattle ; The Management of the 
Dairy, Poultry and Pigs ; The Keeping of Farm Work Records ; The Ensilage 
System, Construction of Silos, and other Fsum Buildings ; The Improve- 
ment of^Neglected Farms, &c. By Robert Scott Burn, Author of " Out- 
lines of Landed Estates' Management," and " Outlines of Farm Manage- 
ment," and Editor of " The Complete Grazier." With numerous Illustrations, 
crown 8vo, 65. cloth. 

"This is the completest book of its class we have seen, and one which every amateur former 
win read with pleasure and accept as a gmdc."^Fieltl. 

" Mr. Scott Burn's pages are severely practical, and the tone of the practical man is felt 
throughout. The book can only prove a treasure of aid and suggestion to the small farmer of 
intelligence and energy."— ^nM^A Quarterly Review, 

"The volume contiins a vast amount of useful information. No branch of farming is left 
untouched, from the labour to be done to the results achieved." — Glassotu Herald. 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — ^Cattle, Sheep, 
and Horses— Management of the Dair^^, Pigs and Poultry — Utilisation ot 
Town-Sewage, Irrigation, &c. Sixth Edition. In One Vol., 1,250 pp., half- 
bound, profusely Illustrated, 125. 

"The aim of the author has been to make his work at once comprehensive and trustworthy, 
and in this aim he has succeeded to a degree which entitles him to much credit." — Moming 
Advertiser. 

"Eminently calculated to enlighten the agricultural community on the varied subjects of 
which it treats, and hence it should nnd a place in every fanner's library." — City Press. 

" No farmer should be without this book."— ^a«*«0' Guardian. 

Agricultural Engineering. 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OF. 
Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm 
Roads, Fences, and Gates ; Farm Buildings, their Arrangement and Con- 
struction, with Plans and Estimates ; Bam Implements and Machines ; Field 
Implements and Machines ; Agricultural Surveying, Levelling, &c. By Proi. 
John Scott, Editor of the Farmers' Gazette, late Professor of Agriculture 
and Rural Economy at the Royal Agricultural College, Cirencester, &c. &c 
In.One Vol., 1,150 pages, half-bound, with over 600 Illustrations, 12s, 

"Written with great care, as well as with knowledge and ability. The author has done his 
work well ; we have found him a very trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural students."— Afar^ft Lane Express. 

"For a young agriculturist we know of no handy volume so likely to be more usefully studied." 
—^SelTs Weekly Messenger. 

JEnglish Agriculture. 

THE FIELDS OF GREAT BRITAIN : A Text-Book of 

Agriculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and Advanced Students. By Hugh Clbments (Board of 
Trade), i8mo, 2s. 6d. cloth. 
II A most comprehensive volume, giving a mass otMonazi\on."—Asrria*ltttral Economist. 

•haULanI}^.2iS®il*"*5'S®,***^. ??*" » *»*>*= ''^^'ch has pleased us more, or which contains 
H a vast andliseful fund of knowledge."— £rf«a»«b«a/ Times. »."u«uis 
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Farm and Estate Book-keeping. 

BOOK-KEEPING FOR FARMERS & ESTATE OWNERS. 

A Practical Treatise, presenting, in Three Plans, a System adapted to all 

Classes of Farms. By Johnson M. Woodman, Chartered Accountant. Crown 

8vo, 3S. 6d. cloth. 

"Will be found of great assistance by those who intend to commence a S3rstem of book-keep- 
mg, the author's examples beingr clear aad expUcit, and his explanations, uhile full and accurate, 
being to a large extent free from technicalities."— Z,rz/« Stock Journal. 

Farm Account Book. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 
a Weekly Labour Account and Diary, and showing the Income and Expen- 
diture under each Department of Crops, Live Stock, Dairy, &c. &c. With 
Valuation, Profit and Loss Account, and Balance Sheet at the end of the 
Year, and an Appendix of Forms. Ruled and Headed for Entering a Com- 
plete Record 01 the Farming Operations. By Johnson M. Woodman, 
Chartered Accountant, Author of "Book-keeping for Farmers." Folio, 
y%. 6d. half-boxmd. 

"Contains every requisite form for keeping farm accounts readily and accurately." — yigri- 
culture. 

Early Fruits, Flowers and Vegetables. 

THE FORCING GARDEN ; or, How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans, and Estimates for Building Glass- 
houses, Pits and Frames. Containing also Original Plans for Double Glazing, 
a New Method of Growing the Gooseberry under Glass, &c. &c., and on Venti- 
lation, Protecting Vine Borders, &c. With Illustrations. By Samuel Wood. 
Crown 8vo, 3s. 6d. cloth. 

** Mr. Wood's book is an original and exhaustive answer to the question ' How to Grow Early 
Fruits, Flowers and Vegetables? "—Land and JVaUr. 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or. How to Grow 
Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures, 
Seeds, Planting, Laying-out of Gardens and Grounds, &c. By S. Wood. 
Third Edition, with considerable Additions, &c., and numerous Illustrations. 
Crown 8vo, 55. cloth. 

" A very good btook, and one to be highly recommended as a practical guide." — Athcnawn. 

" May be recommended to young gardeners, cottagers, and specially to amateurs, for the plain 
and trustworthy information it gives on common matters." — Gardeners' Chronicle. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING] or, How to make One 

Acre of Land produce £620 a-year by the Cultivation of Fruits and Vegetables ; 

also, How to Grow Flowers m Three Glass Houses, so as to realise 3^176 per 

annum clear Profit. By Samuel Wood, Author of "Good Gardening," &c. 

Fourth and cheaper Edition, Revised, with Additions. Crown 8vo, is. sewed. 

"We are bound to recommend it as not only suited to the case of the amateur and gentleman's 
7ardener, but to the market grower." — Gardeners' Magaxitu. 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateurs' Complete Guide, With Illustrations. By Samuel Wood. 
Crown 8vo, 3s. 6d. cloth. 
" Fun of shrewd hints and useful Instructions, based on a lifetune of experience."— S^v/jman. 

Receipts for Gardeners. 

GARDEN RECEIPTS. Edited by Charles W. Quin. i2mo, 
IS. 6d. cloth limp. 
"A useful and handy book, containing a good deal of valuable information."— A Ihenautn. 

Kitchen Gardening. 

THE KITCHEN A ND MA RKET GA RDEN. By Contributors 
to " The Garden." Compiled by C. W. Shaw. lamo, 3s. 6d. cloth boards. 
" The most valuable compendium of kitchen and market-garden work published."— Farmer. 

Uottage Gardening. 

COTTAGE GARDENING: or, Flowers, Fruits, and Vegetables for 
Small Gardens. By E. Hobday, ismo, is. 6d, cloth limp. 
" Contains much useful information at a small charge."— G»(C^<7W Herald. 
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ESTATE MANAGEMENT, AUGTIONEEBING, LAW, etc. 




Hud8on*8 Land Valuer's JPocket-Book* 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 
on a venr mnch Improved Plan, for Calcalatin^ the Value of Estates. With 
Tables for red acing Scotch, Irish, and Provincial Customary Acres to Statme 
Measure, &c. By R. Hudson, C.E. New Edition. Royal 32mo, leather, 
elastic band, 4s, 

**Tbb new edition includes tables for ascertunin; the value of leases for any tenn of yean; 
and for showing how 10 lay out plots of ground of certain acres in form^ square, round, &c^ with 
valuable rules for ascertaining the probable worth of standing^ timber to auv amount ; and is of 
incalculable value to the country gentleman and professional man."— i^srwwrx yourtial. 

Ewart'8 Land Improver's Pocket-Book, 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULM, 

TABLES 

Permanent 

and Agricultural 

leather, gilt edges, with elastic band, 4s. 

" K compendious and handy little volume."— >^i^dM»r. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVEI^S COM- 
PLETE POCKET-BOOK. Consisting of the above Two Works bound to- 
gether. Leather, gilt edges, with strap, 75. 6d. 

" Hudson's book is the best ready-reckoner on matters relating to the valuation of land anS 
crops, and its combination with Mr. E wart's work sreatly enhances the value and usefulness of the 
latter-raentioned. ... It is most useful as a maniial for reference."— A'orM of Ettg^land Farvter. 

Auctioneer's Assistant. 

THE APPRAISER, A UCTIONEER, BROKER, HOUSE AND 
ESTATE AGENT AND VALUER'S POCKET ASSISTANT, forthe Valua- 
tion for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally; with Prices for Inventories, &c. By John Wheeler. 
Valuer, &c. Fifth Edition, re-written and greatly extended by C. Nokris, 
Surveyor, Valuer, &c. Royal 32mo, 5s. cloth. 

" A neat and concise book of reference, containing an admirable and clearly-arnuiged Est '>' 
prices for inventories, and a very practical guide to determine the value of furniture, &c."—5/a»d^'^' 

Contains a large quantity of varied and useful information as to the valuation for purchase, 
sale, or renewal of leases, annuities and reversions, and of property generally, with prices {ot 
inventories, and a guide to determine the value of interior fittings and ouier effects."— ^wi&^. 

Auctioneering, 

AUCTIONEERS : Their Duties and Liabilities. By Robert 

Squibbs, Auctioneer. Demy 8vo, los. 6d, cloth. 

" The position and duties of auctioneers treated compendiously and clearly." — Builder. 

"Every auctioneer ought to possess a copy of this excellent work." — Ironnmiger. 

" Of great value to the profession. . . . We readily welcome this book from the fact th.. 
treats the subject in a manner bomcwhat new to the profession." — Estates Gazette. 

Legal Guide for Pawnbrokers^ 

THE PAWNBROKERS', FACTORS' AND MERCHANTS 
GUIDE TO THE LAW OF LOANS AND PLEDGES. With tfc 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Crixniiut 
as to Loans and Pledges of Goods, Debentures, Mercantile and other S^ 
curities. By H. C. Folkard, Esq., Barrister-at-Law, Author of " The Lai 
of Slander and Libel," &c. With Additions and Corrections to 187^. Fca; 
8vo, 35. 6d. cloth. 

<■ This work contains simply everything that requires to be known concemisgr the depaztme 
of the law of which it treats. We can safely commend the book sis unique and very nearly perfect 
—Iron. 

•• The task undertaken by Mr. Folkard has been very satisfactorily performed. . . . Socb « 
oianations as are needful have been supplied with great clearness and with due resraid to b^c^-r" 
"ity Press. ^ 
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\How to Invest. 

HINTS FOR INVESTORS : Being an Explanation of the Mode 
of Transacting Business on the Stock Exchange. To which are added Com- 
ments on the Fluctuations and Table of Quarterly Average prices of Consols 
since 1759. Also a Copv of the London Daily Stock and Share List. By 
Walter M. Playford, Sworn Broker. Crown 8vo, as. cloth. 
"An invaluable sn^de to investors and speca]Ators."—SuUu»tist 

Metropolitan Mating Appeals. 

REPORTS OF APPEALS HEARD BEFORE THE COURT 
OF GENERAL ASSESSMENT SESSIONS, from the Year 1871 to 1885 
By Edward Ryde and Arthur Lyon Ryde. Fourth Edition, brought down 
to the Present Date, with an Introduction to the Valuation (Metropolis) Act, 
1869, ^^^ ^° Appendix by Walter C. Ryde, of the Inner Temple, Barrister- 
at-Law. 8vo, i6s. cloth. 

" A useful work, occupying a place mid- way between a handbook for a lawyer and a guide to 
the surveyor. It is compiled by a gentleman eminent in his profession as a land agent, whose spe- 
cialt}-, it IS acknowledged, lies in the direction of assessing property for rating purposes."— Z.a/«/ 
Agents' Record. 

Rouse 'Property* 

HA NDBOOK OF HO USE PROPERTY. A Popular and Practical 
Guide to the Purchase, Mortgage^ Tenancy, and Compulsory Sale of Houses and 
Land, including the Law of Dilapidations and Fixtures ; with Examples of 
all kinds of Valuations, Useful Information on Buildings, and Suggestive 
Elucidations of Fine Art. By £. L. Tarbuck, Architect and Surveyor. 
Fourth Edition, lamo, 5s. cloth. [J^^^t published. 

" The advice is thoroughly practical"— Zaw journal. 

"This is a well-written and thoughtful work. We commend the work to the careful study of all 
interested in questions affecting houses and la.nd."—Laftd Agrgnts' Record (First Notice). 

"Carefully brought up to date, and much improved by the addition of a division on fine art.' 
—La nd AgentJ^ Record (Second Notice) 

InwoofVs Estate Tables. 

TABLES FOR THE PURCHASING OF ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, A dvowsons, etc., znd for the Renewing of 
Leases, held under Cathedral Churches, Colleges, or other Corporate bodies, 
for Terms of Years certain, and for Lives ; also for Valuing Reversionary 
Estates, Deferred Annuities, Next Presentations, &c. ; together with Smart's 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Rates. By W. Inwood. 22nd Edition, with considerable 
Additions, and new and valuable Tables of Logarithms for the more Difficult 
Computations of the Interest of Money, Discount, Annuities, &c., by M. Fbdor 
Thouam, of the Socidtd Cr6dit Mobilier of Paris. lamo, 85. cloth. 

"Those interested in the purchase and sale of estates, and in the ac^ustment of compensation 
cases, as well as in transactions in annuities, life insurances, &c., will fiud the present edition of 
eminent sienic^"— Engineering^. 

" * Inwood's Tables ' still maintain a most enviable reputation. The new issue has been enriched 
by large additional contributions by M. Fedor Thoman, whose carefully arranged Tauies cannot 
f&il to oe of the utmost utility." — Mining youmeU, 

Agricultural and Tenant-Might Valuation. 

THE AGRICULTURAL AND TEN ANT -RIGHT -VALUER'S 
ASSISTANT, A Practical Handbook on Measuring and Estimating the 
Contents, Weights and Values of Agricultural Produce and Timber, the 
Values of Estates and Agricultural Labour, Forms of Tenant-Right-Valua- 
tions, Scales of Compensation under the Agricultural Holdings Act, 1883, 
&c. &c. By Tom Bright, Agricultural Surveyor, Author of "The Live 
Stock of North Devon," &c. Crown 8vo, 3s. 6d. cloth. [Just publishea. 

" Full of tables and examples in connection with the valuation of tenant-right, estates, labour. 

contents, and weights of timber, and farm produce of all kinds. The book is well calculated to 

assist the valuer in the discharge of his duty.'— Agricultural Gazette. 

An eminently practical handbook, full of practical tables and data of undoubted interest and 
value to surveyors and auctioneers in preparing valuations ot all kinds."— jFarm^r. 

" Shows at a glance the value of land, crops, and the cost of seeding, harvesting, &c. &c. It 
\s a really practical and useful handbook, for which we anticipate a very large ^n."— Reading 
Meratry. 
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A Complete Epitome of the JLaws of this Country 

EVERY MAN'S OWN LAWYER: A Handy-book of tl 
Principles of Law and Equity. Bv A Barristbr. Twenty-fifth Editia 
Reconstructed. Thoroughly Revised, and much Enlarged. Brought down 
the end of last Session, ana including careful Digests of— Coroners Act, ib^ 
Probation of First Offenders Act^ 1887; Margarine Act, 1887; Agricultut 
Holdings {England) Act, 1883 ; Cottage Gardens {Compensation for Crops) A\ 
1887; liankruptcy Act, 1B83 ; Allotments Act, 1887; Merchandise Trade Mat 
Act, 1887; Truck Amendmeni Act, 1887; Water Companies {Regulation 
Powers) Act, 1887 ; Registration of Deeds of Arrangements Act, 1887. Cro^ 
8vo. 684 pp., price 6s. td, (saved at every consultation I), strongly bound 
cloth. [Just publishi 

•.» THE BOOK WILL BE FOUND TO COMPRISE (AMONGS 
OTHER MATTER)— 

THE Rights akd Wrongs of Individuals- mercantile and Commercial Li 
—Partnerships. Contracts and agreements — Guarantees, Principals M 
Ar.FN In— Criminal Law— Parish Law— county Court Law— Oame and Fishe) 
Laws— Poor Men's Lawsuits— Laws of Bankruptcy- Wagers— Cheques, Biu 
ANu Notes— Copyright— elections and Registration— insurance— libel a^ 
sl\nder— Marriage and Divorce— Merchant Shipping— Mortgages— Setti 
iiENTs— stock Exchange Practice— Trade Marks and Patents— trespass-N1 

SANCES— TRANSFER OF LAND— WILLS, &C. &C. Also LAW FOR LANDLORD AND TENA| 

— Masier and Servant— Heirs— Devisees and Legatees— Husband and wifJ 
Executors and Trustees— Guardian and Ward— Married Women and infan 
—Lender. Borrower and Sureties— Debtor and Creditor- Purchaser a^ 
vendor— Companies— Friendly Societies— Clergymen— churchwardens-Mh 
< AL Practitioners— Bankers— Farmers— Contractors— Stock Brokers— sporI 
.Mi:x— Gamekeepers— Farriers- Horse Dealers— Auctioneers— House AgentI 
innkeepeks-Bakeks— Millers— Pawnbrokers— Surveyors— Railways and Cj 
KiERS— Constables— Seamen— Soldiers, Sec Sec 



The following subjects may be mentioned as some of those which hava 
ceived special attention during the present revision : — Marriage ol British Sabjd 
Abroad ; Police Constables ; Pawnbrokers ; Intoxicating Liquors Licensii 
Domestic Servants; Landlord and Tenant; Vendors and Purchasers; Pari 
inentary Elections ; Municipal Elections ; Local Elections ; Corrupt Practices 
all Elections ; Public Health and Local Government and Nuisances ; Highwaj 
Churchwardens ; Vestry Meetings ; Rates. 

^ It is believed that the extensions and amplifications of the present editic 
while intended to meet the requirements of the ordinary Englishman, will ai 
have the effect of rendering ihe book useful to the legal practitioner la i 
country. 

One result of the reconstruction and revision, with the extensive additio 
thereby necessitated, has been the enlargement of the book by nearly a hundred * 
fifty pages, wnile the price remains as before. 

•»* Opinions of the Press. 

"It is a complete code of English Law, written in plain languaf^, which all can understa! 

. . . Should be in the hands of every business man, and all who wish to abolish law}-ers' bikNj 

Weekly Times. J 

"A useful and concise epitome of the law, compiled with considerable care." — Lam Magas 

" A concise, cheap and complete epitome of the En£:lish law. So plainly written that be* 
runs may read, and he who reads may understand."— Fiig-ar*. 

•* A dictionary of legal facts well put tcwfether. The book is a very useful aae." •'Spedatcr. 

" A work which has long been wanted, which is thoroughly weu done, and wliich we a 
cordially Tecovamead.''— Sunday Times. 

PHvate Bill Legislation and Provisional Orders, 

HANDBOOK FOR THE USE OF SOLICITORS AND B 
GINEERS Engaged in Promoting Private Acts of Parliament and Pre' 
sional Orders, for the Authorization of Rai]wavs, Tramwavs, Works for u 
Supply of Gas and Water, and other undertakings of a like character. 1 
L. Livingston Macassey, of the Middle Temple, Barrister- at-Law.ai 
Member of the Institution of Civil Engineers; Author of " Hints on V/i: 
Supply." Demy 8vo, 950 pp., price 25s. cloth. [J^st publiy- 

" The volume is a desideratum on a subject which can be only acquired by practical cx?< 
ence, and the order of procedure in Private Bill Legislation and Provisional Orders is folJi-"< 
The author's suggestions and notes w>ll be found of great value to engineers and others profc^-' 
ally eiigaged in this class of practice."^ BuiUiin/g' News. 

*' The author's double experience as an engineer and barrister has eminently qualified hir ' 
the task, and enabled him to approach the subject alike from an engineering and legal po' - 
'>,w« A ♦ ^oi."g»«,r"i be found a great help both to engineers and lawyers engaged in proicvi 
^ivate Acts of Parliament and Provisional Orders."— Z:<li»/ G<memment Chronide. 
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